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ABSTRACT 

Douglas A i r c r a f t  Company Report No. SM-46977B, S-ID-204 

Stage FZigh t  Test Plan documents t h e  Douglas requirements 

and r e s p o n s i b i l i t i e s  re la t ive t o  t h e  S-IVB-204 s t a g e  of 

t he  Sa tu rn  I B  v e h i c l e  AS-204/LM-1 f l i g h t  t es t  t h a t  w i l l  

be conducted by Na t iona l  Aeronaut ics  and Space Administra- 

t i o n  (NASA) a t  t h e  Kennedy Space Center.  The test  p l a n  

d e f i n e s  t h e  Douglas support  ac t iv i t ies  and r e p o r t s  

r equ i r ed  under NASA Con t rac t  NAS7-101. 

DESCRIPTORS 

AS-204/LM-1 mission sequence of even t s  

S-IVB-204 s t a g e  mission mass c h a r a c t e r i s t i c s  

c o n f i g u r a t i o n  p r e d i c t e d  f l i g h t  performance 

CPIF ( c o s t  p l u s  i n c e n t i v e  5-2 engine 
f e e )  

16 December 1967 

iii 





PREFACE 

The purpose of t h i s  r e p o r t  i s  t o  provide a f l i g h t  t es t  p l a n  f o r  t h e  

Sa tu rn  S-IVB-204 s t a g e .  I n  g e n e r a l ,  i t  p rov ides  in fo rma t ion  and 

d i r e c t i o n  t o  Douglas personnel  a t  Huntington Beach Missile and Space 

Systems D i v i s i o n ,  F l o r i d a  T e s t  Center ,  and Marshal l  Space F l i g h t  

Center .  

Included i n  t h i s  r e p o r t  are d e t a i l e d  d e s c r i p t i o n s  of t h e  fol lowing:  

AS-204/LM-1 mission and o b j e c t i v e s ,  S-IVB-204 s t a g e  o b j e c t i v e s  and 

c o n f i g u r a t i o n ,  t e c h n i c a l  performance i n c e n t i v e s ,  launch mission 

r u l e s ,  f l i g h t  sequence of e v e n t s ,  mass c h a r a c t e r i s t i c s ,  and pro- 

p u l s i o n  system performance p r e d i c t i o n s .  

This r e p o r t  i s  a second r e v i s i o n  of t h e  o r i g i n a l  i s s u e  of Douglas 

Report  No. SM-46977, S-IVB-204 Stage Flight Test  Plan, da ted  

9 August 1966. This  r e v i s i o n  w a s  prepared because of change i n  

m i s s  i o n .  

This  r e p o r t  w a s  prepared under Na t iona l  Aeronautics and Space 

Admin i s t r a t ion  Con t rac t  NAS7-101, and i s s u e d  i n  accordance with t h e  

c o n t r a c t u a l  requirements  of NAS7-101 Contract Data Requirements, 

Saturn. S-IVB Stage and GSE, MSFC-DRL-022, da ted  15  September 1966. 

PREFACE TO THIRD REVISION 

Dated 1 7  January 1968 

Th i s  r e v i s i o n  c o n s i s t e d  of updat ing t h e  t e c h n i c a l  performance c r i te r ia  

and adding t h e  t e l eme t ry  power margins.  

i s s u e d  16 December 1967. 

These pages supersede those  

PREFACE TO FOURTH REVISION 

Dated 18 January 1968 

This  r e v i s i o n  c o n s i s t e d  of updat ing t h e  t e c h n i c a l  performance c r i t e r i a .  

These pages supersede those i s s u e d  1 7  January 1968. 

18 January 1968 
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SECTION 1 

INTRODUCTION 



1. INTRODUCTION 

This  document d e l i n e a t e s  t h e  requirements and r e s p o n s i b i l i t i e s  of t h e  

Douglas A i r c r a f t  Company i n  suppor t  of t h e  S-IVB-204 s t a g e  f l i g h t  t es t .  

The f l i g h t  t e s t ,  as de f ined  i n  t h i s  t e s t  p l a n ,  w i l l  be l i m i t e d  t o  t h e  

S-IVB s t a g e  c o n t r i b u t i o n  toward the  accomplishment of t he  AS-204/LM-1 

f l i g h t  mission and S-IVB s t a g e  performance v e r i f i c a t i o n  as t h e  second 

s t a g e  of t h e  AS-204/LM-1 space v e h i c l e .  

1.1 General 

This  document provides  information and d i r e c t i o n  t o  Douglas personnel  

comprising t h e  Sa tu rn  S-IVB Test Planning and Evaluat ion Committees a t  

t he  Missile and Space Systems Div i s ion  (MSSD) Huntington Beach, 

C a l i f o r n i a ,  F l o r i d a  Test Center  (FTC), and t h e  l i a i s o n  team a t  Marshal l  

Space F l i g h t  Center ,  H u n t s v i l l e  Alabama. 

D e t a i l e d  d e s c r i p t i o n s  of t h e  fol lowing are included:  

a. Launch v e h i c l e  o b j e c t i v e s  

b .  S-IVB s t a g e  o b j e c t i v e s  

c. S-IVB s t a g e  c o n f i g u r a t i o n  

d. S-IVB s t a g e  launch mission r u l e s  and r e d l i n e s  

e. S-IVB s t a g e  f l i g h t  tes t  management 

f .  Technical  performance i n c e n t i v e s .  

1 .2  Background 

The S-IVB-204 s t a g e  w a s  assembled a t  MSSD where product ion t e s t i n g  of 

components and systems w a s  accomplished. The s t a g e  w a s  t hen  t r a n s p o r t e d  

t o  t h e  Sacramento T e s t  Center (STC), where t h e  acceptance f i r i n g  w a s  

conducted. P re l imina ry  tests c o n s i s t e d  of manual and automatic  sub- 

system checkouts,  i n t e g r a t e d  system tests, a s imulated acceptance f i r i n g ,  

and an automatic  p r o p e l l a n t  l oad ing  tes t  e Following t h e s e  p re l imina ry  

tes ts ,  the  s t a g e  underwent a f u l l  d u r a t i o n  acceptance f i r i n g .  Post-  

f i r i n g  checkout included manual l e a k  checks,  f u n c t i o n a l  tests,  and an 

A l l  Systems Test. 
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The stage was then shipped to Kennedy Space Center (KSC), installed in 

the low bay of the Vertical Assembly Building and subjected to post 
transportation receiving inspections. After installation of the aft 

interstage, the stage was transferred to launch complex 34 and mated 

to the AS-204 space vehicle. 

stage was transferred to launch complex 37B and mated to the AS-204/LM-l 

space vehicle. 

S-IVB-204 stage. 

After a change in mission plans, the 

Figure 1-1 presents a checkout and test history of the 
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SECTION 2 U 

MISSION 



2.  MISSION 

The AS-204 is t h e  f o u r t h  Sa tu rn  I B  f l i g h t  v e h i c l e  a l l o c a t e d  f o r  launch 

v e h i c l e  and s p a c e c r a f t  development and q u a l i f i c a t i o n .  This s e c t i o n  

d e l i n e a t e s  t h e  o b j e c t i v e s  of t h e  v e h i c l e  as a whole. Sec t ion  3 d e s c r i b e s  

t h e  o b j e c t i v e s  of t h e  S-IVB-204 s t a g e .  F igu re  2-1 p r e s e n t s  t h e  launch 

c o n f i g u r a t i o n  of t h e  AS-204 space  v e h i c l e  and F igure  2-2 p r e s e n t s  t h e  

AS-204 ground trace. 

2 . 1  Mission Ob jec t ives  

Douglas A i r c r a f t  Company c o n s i d e r s  t h e  MSFC FZight Mission Directive 
ApoZZo-Saturn I B  Missions ( r e f e r e n c e  1) as t h e  o f f i c i a l  document f o r  

providing i d e n t i f i c a t i o n  and c o n t r o l  of t h e  launch v e h i c l e  mission 

requirements .  

( r e f e r e n c e  2) and t h e  Program Support Requirements document ( r e f e r e n c e  3)  

a l s o  d e f i n e  mission o b j e c t i v e s  and can be r e f e r r e d  t o  f o r  supplemental  

information.  

The ApoZZo Fl ight  Mission Assignments document 

The mission d i r e c t i v e  states that"genera1 o b j e c t i v e s  are primary ob- 

j e c t i v e s  l i s t e d  i n  t h e  FZight Mission Assignments document'' ( r e f e r e n c e  2 ) .  

According t o  t h e  mission d i r e c t i v e ,  t h e  g e n e r a l  o b j e c t i v e s  are: 

a.  "Verify o p e r a t i o n  of t h e  fol lowing LM subsystems: APS, DPS, 

( inc lud ing  r e s t a r t ) ,  and S t r u c t u r e .  

b. "Evaluate LM s t ag ing .  

c. "Evaluate  S-IVB/IU o r b i t a l  performance." 

The mission d i r e c t i v e  states t h a t  "primary o b j e c t i v e s  are those  which 

are mandatory. Malfunctions of s p a c e c r a f t  o r  launch v e h i c l e  systems, 

ground equipment, o r  i n s t rumen ta t ion  which would r e s u l t  i n  f a i l u r e  t o  

ach ieve  t h e s e  o b j e c t i v e s  w i l l  b e  cause t o  hold o r  c a n c e l  t h e  mission 

u n t i l  t h e  malfunct ion has  been el iminated. ' '  

d i r e c t i v e ,  t h e  primary o b j e c t i v e s  are: 

According t o  t h e  mission 

"Evaluate S-IVB/IU o r b i t a l  performance. 
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S p e c i f i c a l l y :  

a. "Evaluate t h e  launch v e h i c l e  a t t i t u d e  c o n t r o l  system o p e r a t i o n  

and maneuvering c a p a b i l i t y .  

*b. "Verify t h e  S-IVB LH2 and LOX t a n k  p r e s s u r e  rise rates. 

c. "Demonstrate nosecone s e p a r a t i o n  from t h e  S-IVB/IU/SLA. 

d. "Evaluate t h e  o p e r a t i o n a l  adequacy of t h e  launch v e h i c l e  

systems: i n c l u d i n g  guidance and c o n t r o l ,  e lectr ical ,  

mechanical and instrumentat ion."  

Secondary o b j e c t i v e s  as de f ined  i n  t h e  mission d i r e c t i v e  'lare those  

which are d e s i r a b l e  b u t  n o t  mandatory. 

i n  f a i l u r e  t o  a t t a i n  t h e s e  o b j e c t i v e s  may b e  cause t o  hold o r  c a n c e l  

t h e  mission as i n d i c a t e d  i n  t h e  mission r u l e s . "  

which are l i s t e d  i n  t h e  mis s ion  d i r e c t i v e  are as fo l lows :  

Malfunctions which would r e s u l t  

The secondary o b j e c t i v e s  

a. "Evaluate S-IVB forward s k i r t  i n - f l i g h t  pane l  f l u t t e r .  

b. 

c. 

d. 

"Evaluate 5-2 engine crossover  duc t  temperature  experiment. 

"Evaluate S-IVB LH2 and LOX p r o p e l l a n t  dump experiment. 

"Evaluate Launch Vehicle  o r b i t a l  coas t  l i f e t i m e  c a p a b i l i t y . "  

2.2 Mission Desc r ip t ion  

2.2.1 Launch Phase 

2.2.1.1 S-IB F l i g h t  

The S-IB f l i g h t  of t h e  launch v e h i c l e  t r a j e c t o r y  is  i n i t i a t e d  a t  f i r s t '  

motion which occur s  nominally 4.8 sec a f t e r  Guidance Reference Release 

(GRR).  The t i m e  of u m b i l i c a l  disconnect  e s t a b l i s h e s  t i m e  base  one (T ) 1 
which is  nominally 0.2 sec a f t e r  f i r s t  motion. 

The AS-204/LM-1 v e h i c l e  w i l l  b e  launched from KSC Complex 37B on a 

90 deg launch azimuth. 

a t  10.2 sec t o  ach ieve  t h e  proper  v e h i c l e  o r i e n t a t i o n  f o r  a 72 deg 

f l i g h t  azimuth. 

A p i t c h  and r o l l  maneuver w i l l  t hen  b e  i n i t i a t e d  

*NOTE: Th i s  primary o b j e c t i v e  has  been modified t o  r e f l e c t  a change i n  
mis s ion  requirements.  
by Douglas l e t te r  A3-131-KWAO-L-3246, da t ed  October 5, 1967. 

This  v a r i a t i o n  has  been forwarded t o  NASA/MSFC 
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Table 2-1 is a summary of t h e  f l i g h t  mass summary p resen ted  i n  appendix 

2.  Maximum dynamic p r e s s u r e  (Max Q )  is p r e d i c t e d  t o  occur  a t  74.0 s e c  

f l i g h t  t i m e  and t h e  p r e d i c t e d  f l i g h t  cond i t ions  a t  t h a t  t i m e  are 

p resen ted  i n  Table 2-2, 

The S-IB p r o p e l l a n t  d e p l e t i o n  l e v e l  s e n s o r s  are a c t u a t e d  a t  136.0 s e c  

f l i g h t  t i m e .  

engines  c u t o f f  and s e p a r a t i o n .  

This  i n i t i a t e s  t i m e  base  two (T ) i n  p r e p a r a t i o n  f o r  S-IB 2 

The S-IVB t a p e  r e c o r d e r  is  turned on f a s t  record a t  a f l i g h t  t i m e  of 

136.4 (T +0.4 s e c )  s e c  t o  record d a t a  during t h e  black-out pe r iod  of 

S-IB engines  c u t o f f ,  s e p a r a t i o n  and S-IVB i g n i t i o n .  
2 

The S-IB inboard engines  w i l l  c u t o f f  a t  a f l i g h t  t i m e  of 139.1 sec and 

t h e  outboard engines  a t  142.1 sec which i n i t i a t e s  t i m e  base  t h r e e  (T ) .  

The S-IB s t a g e  f l i g h t  phase ends a t  S-IB/S-IVB p h y s i c a l  s e p a r a t i o n  which 

w i l l  b e  approximately 1 . 4  sec a f t e r  Outboard Engine Cutoff Command. 

Table 2-3 p r e s e n t s  t h e  p r e d i c t e d  cond i t ions  of f l i g h t  a t  S-IB/S-IVB 

p h y s i c a l  s e p a r a t i o n  e 

3 

Figures  2-3 through 2-5 show t h e  p r e d i c t e d  t i m e  h i s t o r i e s  o f  e a r t h  

f i x e d  v e l o c i t y ,  e l e v a t i o n  f l i g h t  pa th  ang le ,  dynamic p r e s s u r e ,  a x i a l  

a c c e l e r a t i o n ,  range, a l t i t u d e ,  c r o s s  range p o s i t i o n ,  and c r o s s  range 

v e l o c i t y  du r ing  t h e  S-IB powered phase. 

2.2.1.2 S-IVB Stage F l i g h t  

Af t e r  S-IB c u t o f f  t h e  r e t r o r o c k e t s  f o r c e  t h e  S-IB s t a g e  away from t h e  

S-IVB/spacecraft and u l l a g e  r o c k e t s  are f i r e d  t o  se t t le  t h e  S-IVB s t a g e  

p r o p e l l a n t s ,  A t  144-6 sec a f t e r  l i f t o f f  t h e  5-2 Engine S t a r t  Command is  

given which i n i t i a t e s  a one sec f u e l  l e a d  and subsequent t h r u s t  bui ldup.  

From engine s ta r t  u n t i l  t h e  i n i t i a t i o n  of t h e  I terat ive Guidance Mode 

( IGM) ,  t h e  S-IVB is commanded t o  a 30.54 deg p i t c h  a t t i t u d e ,  Active 

guidance of t h e  v e h i c l e  begins  a t  158.9 sec a f t e r  l i f t o f f .  

t h e  S-IVB s t a g e  p i t c h  and yaw a t t i t u d e  commands are i s sued  t o  o b t a i n  an 

opt imal  pa th  ( t h a t  which r e q u i r e s  t h e  least p r o p e l l a n t  consumption) t o  

ach ieve  t h e  d e s i r e d  end cond i t ions  of a l t i t u d e  and v e l o c i t y ,  Guidance 

s t a g i n g  (change i n  guidance c o n s t a n t s )  i s  p r e d i c t e d  t o  occur  when t h e  

I n  t h e  I G M  
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s h i f t  i n  engine mixture  r a t i o  (EMR) from 5.5 t o  4.7 i s  sensed by "onboard'l 

accelerometers .  

l i f t o f f .  

The EMJX cutback i s  p r e d i c t e d  t o  occur  a t  449.8 sec a f t e r  

The r e s u l t i n g  change i n  t h r u s t  level w i l l  b e  sensed a t  474.1 sec 

f l i g h t  t i m e .  

1.25 sec a t  c h i  t i l d e  which occurs  a t  584.2 sec a f t e r  l i f t o f f  and t h e  

equat ions are changed such t h a t  only t h e  f i n a l  v e l o c i t y  magnitude and 

d i r e c t i o n  i s  considered i n  guidance. A t  594.9 sec a f t e r  l i f t o f f  ( c h i  

f r e e z e )  t h e  guidance commands are he ld  cons t an t  through t h e  c u t o f f  

t r a n s i e n t s .  The p r e d i c t e d  t i m e  of 5-2 Engine Cutoff Command is  598.2 sec 

a f t e r  l i f t o f f .  

The I G M  swi t ches  from a guidance i n t e r v a l  of 1.75 t o  

Appendix 3 shows a t a b u l a t i o n  of t h e  p r e d i c t e d  S-IVB powered f l i g h t  tra- 

j e c t o r y  from which t a b l e s  2-4 and 2-5, and f i g u r e s  2-6 through 2-17 were 

de r ived .  Tables  2-4 and 2-5 p r e s e n t  p r e d i c t e d  t r a j e c t o r y  c o n d i t i o n s  a t  

Engine Cutoff Command and o r b i t a l  i n s e r t i o n ,  r e s p e c t i v e l y .  F igu res  2-6 

through 2-17 show p r e d i c t e d  t i m e  h i s t o r i e s  of s e l e c t e d  t r a j e c t o r y  and 

guidance parameters  du r ing  S-IVB powered f l i g h t .  

2.2.2 O r b i t a l  Phase 

c 

2.2.2.1 Lunar Module Pre-Separation 

The l u n a r  module p re - sepa ra t ion  t i m e  p e r i o d  beg ins  a t  o r b i t a l  

i n s e r t i o n  which occur s  10 sec a f t e r  Guidance Cutoff Command (GcC) 
and wi th  t h e  v e h i c l e  i n  a 85 by 120 n a u t i c a l  m i l e  e l l i p t i c a l  o r b i t .  

p l u s  60 sec a p i t c h  maneuver i s  i n i t i a t e d  t o  a l i g n  t h e  v e h i c l e  w i t h  t h e  

l o c a l  h o r i z o n t a l  and is  maintained u n t i l  3,000 sec a f t e r  l i f t o f f  w i t h  an  

o r b i t a l  p i t c h  rate. A t  3,000 sec a s m a l l  maneuver from t h e  l o c a l  

h o r i z o n t a l  is  r equ i r ed  t o  ach ieve  t h e  d e s i r e d  s e p a r a t i o n  i n e r t i a l  a t t i t u d e  

of 87 .1 ,  -0.9, and 0 deg i n  p i t c h ,  yaw and r o l l ,  r e s p e c t i v e l y .  During 

t h i s  p re - sepa ra t ion  o r b i t a l  phase t h e  LOX t ank  w i l l  b e  vented f o r  a 

40 sec d u r a t i o n  s t a r t i n g  a t  a f l i g h t  t i m e  of 598.4 sec and a 1,260 sec 

LH2 t ank  v e n t i n g ,  s t a r t i n g  a t  598.6 sec. The PU w i l l  be  d e a c t i v a t e d  a t  

a f l i g h t  t i m e  of 601.5 sec and t h e  a u x i l i a r y  h y d r a u l i c  pump w i l l  b e  

turned o f f  a t  601.9 sec. Sepa ra t ion  between t h e  S-IVB s t a g e  and t h e  LM 
w i l l  t a k e  p l a c e  a t  3,235 sec a f t e r  l i f t o f f .  

A t  GCC 

2.2.2.2 Lunar Module Post-Separation 

A t  3,415 sec t h e  S-IVB w i l l  be  maneuvered t o  t h e  l o c a l  h o r i z o n t a l  

(SLA forward, P o s i t i o n  I down) and then  p i t ched  a t  t h e  o r b i t a l  rate. 

16  December 1967 
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A t  6,355 sec t h e  v e h i c l e  w i l l  be  p i t c h e d  t o  a r e t r o g r a d e  a t t i t u d e  and 

the  o r b i t a l  rate resumed. 

I n  p r e p a r a t i o n  f o r  dump experiment,  t h e  S-IVB w i l l  b e  maneuvered t o  a 

-90 deg p i t c h  ang le  re la t ive t o  t h e  l o c a l  h o r i z o n t a l  (nose down), and 

r o l l e d  t o  i n e r t i a l  yaw and r o l l  a t t i t u d e s  of 0 and 85 deg, r e s p e c t i v e l y .  

A n  i n v e s t i g a t i o n  o f  t h e  S-IVB t r a j e c t o r y  r e s u l t i n g  from dump t h r u s t  a t  

v a r i o u s  a t t i t u d e s  has  been conducted. It w a s  found t h a t  low t h r u s t  

could p l a c e  t h e  S-IVB on a c o l l i s i o n  course w i t h  t h e  LM a t  v a r i o u s  

a t t i t u d e s  i n  t h e  f i r s t ,  second, and f o u r t h  quadrants  ( f i g u r e  2-18). 

A t t i t u d e s  between 0 and -100 deg ( p o s i t i v e  measured counterclockwise 

from t h e  l o c a l  h o r i z o n t a l  i n  t h e  d i r e c t i o n  of motion) provide adequate 

communication. The proposed a t t i t u d e ,  -90 deg, w i l l  t h e r e f o r e  avoid t h e  

p o s s i b i l i t y  of a c o l l i s i o n  and a l s o  provide adequate S-band communications. 

This a t t i t u d e  w i l l  b e  h e l d  u n t i l  8,158 sec a f t e r  c u t o f f ,  when a -0.28 deg/ 

sec r o l l  rate w i l l  b e  i n i t i a t e d  t o  provide f o r  t e l eme t ry  communications 

wi th  t h e  Carnarvon s t a t i o n  and maintained through t h e  experiment.  

During t h e  f i r s t  80 s e c  of t h e  LOX main engine p r o p e l l a n t  dump period 

of t h e  experiment,  t h e  t h r u s t  v e c t o r  c o n t r o l  (TVC) system w i l l  b e  used 

t o  ma in ta in  a t t i t u d e  c o n t r o l .  Because of t h e  C.G. o f f s e t  a c o n t r o l  system 

t r a n s i e n t  w i l l  occur  when c o n t r o l  i s  switched t o  t h e  TVC system. A t t i t u d e  

e r r o r  and rate t r a n s i e n t s  du r ing  LOX dump are shown i n  f i g u r e s  2-19 and 

2-20. The S-IVB w i l l  be  o r i e n t e d  i n t h e  l o c a l  h o r i z o n t a l  p l ane ,  i n  t h e  

r e t r o g r a d e  d i r e c t i o n ,  f o r  t h e  remainder of i t s  o r b i t a l  f l i g h t .  The 

a t t i t u d e  t i m e l i n e  has  been p resen ted  i n  f i g u r e  2-21. 

Appendix 3 p r e s e n t s  t h e  p r e d i c t e d  o r b i t a l  t r a j e c t o r y .  P r e d i c t e d  o r b i t a l  

cond i t ions  a t  s ta r t  of f i r s t  and second o r b i t s ,  S-IVB/LM s e p a r a t i o n ,  

and a t  t h e  beginning and end of t h e  dump experiment are shown i n  t a b l e  2-6. 

The p r e d i c t e d  t i m e  o f  t o t a l  a x i a l  impulse o f  t h e  p r o p e l l a n t  ven t  and dump 

dur ing  o r b i t  are p resen ted  i n  t a b l e  2-7. 
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2 . 2 . 3  A l t e r n a t e  Mission 

The a l t e r n a t e  i n f l i g h t  mission c a p a b i l i t y ,  i n  t h e  event  of a one S-IB 

engine shutdown, is  t h a t  t h e  d e s i r e d  o r b i t  may b e  a t t a i n e d  by u s i n g  t h e  

remaining seven S-IB eng ines ,  S-IVB burn,  and LM Descent P ropu l s ion  

System (DPS) burn t o  o r b i t .  

i n  a t h r e e  sigma p r o b a b i l i t y  of ach iev ing  p resc r ibed  o r b i t a l  c o n d i t i o n s  

us ing  on ly  a n  S-IVB burn t o  d e p l e t i o n .  

f a i l u r e ,  an  a b o r t  mi s s ion  provides  f o r  a LM burn t o  accomplish c e r t a i n  

s p a c e c r a f t  o b j e c t i v e s .  

This  type of f a i l u r e  a f t e r  55 seconds r e s u l t s  

I n  t h e  event  of S-IVB engine 

r ... 

16  December 1967 

2-6 



co 
m 
0 

N m 
c+ 

E3 
U 

o o o o o o o o o c n m o o o o o o o o o o o m m m o o m  m m  m U o m m l  I I 
a m *  

m n m  
e m m  

N 

m 
U 
0 

m 
m 

en 

o o o o o o o o o c n m o o o o o h o o o c o c o c o m m o h m  m 4 o m m o  I h c o c o U U  
a a U U  m 

co 
0 
N 

m m 
n 

- 
co 
0 
N 

m m 
* 

- 
m 
ol 
4 

a 
m 

m 

o o o o o o o o o m m o o o o o m o m o c o m m c o m o ~ m  m U o m m o  I cn m d m c o * *  
U 

m E  

o o o o o o o o o m m o o o o o m r l c o o c o c o c o c o m o h m  cn m r l c o c o q e  m e o m m o l  I 
a c o * e  e 

n n h  

h 
a 
cn 
rl 

Q 
a, 
e 
E 

a, cl 
a 
rl 

3 

e m m  
N 

e m m  N 
N 

m 
h co 
a m 

h 

0 0 0 0 0 0 0 0 0 c n m c n c n m a c o * c n c o 0 c o c o c o c o m o h m  o m m h m d 4 - o c o Q m d c o c o m m  m e 
Q c o e N h  N d e a  

A n -  * 
e m m  N 

N 

C h h n  i* 

r l * m m  N m N 

n 

ri 

W 
r- 
m 
cn 
co 
a 

6s U 

k i w  
B c n  
M O  
9 2  

9 n  
H B  
I W  

m 

w 3 u  
H V  
I W  

m 

m 
cn co 
m 
N 
d 

0 
r. 
d 

a 
cn 
N 

n 

d 
m Fy 

Fy 
w o  
H B  
I F y  

W H  
J 

r- 
m 

d e m m  N m N cn 
rl 

H 
H 

H H  

C 
*rl a, 
a m  
$ 4 ( d  
t Q U  

u u  
a 
G 
0 
.rl 
U 
a 
d u  

a J a ,  

0 0  
k $ 4  

% %  
a, 

$4 
w 
U 

i 

2 

a 
G t Q  
O G  a, aJ U - r l  

t Q M  k 
6 m  u o  
a , $ 4  
nFr 

(d a- 

S S  

d d  
d d  5 5  I O 0  

c n J J  



TABLE 2-2 
PREDICTED AS-204/LM-1 CONDITIONS AT MAXIMUM DYNAMIC PRESSURE 

PARAMETER 

Flight Time 

Dynamic Pressure 

Altitude 

Freestream Velocity 

Mach Number 

Ambient Pressure 

Pitch Angle of Attack 

Yaw Angle of Attack 

t 

4 

h 

'RM 
M 

Pa 

a 

B 

UNITS 

sec 

lbf /f t2 

ft 

f t /sec 

-- 

lbf If t2 

deg 

deg 

MSFC PREDICTED 

74 .0  

68 .3  

40 ,494  

1 , 4 8 5  9 

1.535 

413.93  

-0.5153 

0.0409 
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TABLE 2-3 
PREDICTED AS-204/LM-l CONDITIONS AT S-IBIS-IVB PHYSICAL SEPARATION 

PARAMETER 

F l i g h t  T i m e  

Downrange Di s t ance  

Vertical Dis tance  

Crossrange Di s t ance  

Downrange Ve loc i ty  

Vertical Ve loc i ty  

Crossrange Ve loc i ty  

Relative Ve loc i ty  

I n e r t i a l  Ve loc i ty  

I n e r t i a l  F l i g h t  Pa th  
E leva t ion  Angle 

I n e r t i a l  F l i g h t  Pa th  
Azimuth Angle 

A 1  t i tude  

Range 

Dynami c P res  s u r e  

P i t c h  Angle of At tack  

Yaw Angle of Attack 

t ,  

xE 

zE 

?E 

+E 

iE 

vE 

Y ’  

Y S  
2I 

h 

S 

~ 

UNITS 

sec 

f t  

f t  

f t  

f t l s e c  

f t / s e c  

f t l s e c  

f t l s e c  

f t / s e c  

deg 

f t  

f t  

1 6 / f t 2  

MSFC PREDICTED 

143.4 

207,792 

207,571 

-159.8 

5,648.94 

3,496.53 

2.42 

6,643.51 

7,774.20 

27.146 

75.644 

208,592 

205,924 

9.05 

-0.9753 

0.0553 
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TABLE 2-4 
PREDICTED AS-204/LM-1 COND.ITIONS AT S-IVB CUTOFF 

PARAMETER 

F l i g h t  Time 

Downrange Di s t ance  

Vertical Di s t ance  

Crossrange Di s t ance  

Downrange Ve loc i ty  

Vertical Ve loc i ty  

Crossrange V e l o c i t y  

Relative V e l o c i t y  

I n e r t i a l  Ve loc i ty  

I n e r t i a l  F l i g h t  Pa th  
E leva t ion  Angle 

I n e r t i a l  F l i g h t  Pa th  
Azimuth Angle 

A 1  t i tude  

Range 

t 

XE 

zE 

% 
% 
iE 

vE 

v1 

ylI' 

y21' 

h 

S 

UNITS 

sec 

f t  

f t  

f t  

f t l sec  

f t lsec 

f t Isec 

f t l s e c  

f t l s ec  

deg 

deg 

f t  

f t  

DAC 

598.21 

5,949,935 

-307 , 511 

297 , 610 

23,311.0 

-6,743.3 

1,749.8 

24,329.8 

25,661.1 

-0.003 

85.691 

535,406 

5,886,281 

MSFC 

598.15 

5,956 , 577 

-309,432 

298,156 

23,308.6 

-6,751.0 

1,751.9 

24,329.7 

25,661.1 

-0.004 

85.707 

535,411 

5,893,027 
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TABLE 2-5 
PREDICTED AS-204/LM-l CONDITIONS AT INSERTION 

PARAMETER 

F l i g h t  T i m e  

Downrange Distance 

Vertical  Distance 

Crossrange Di s t ance  

Downrange Ve loc i ty  

Vertical  Ve loc i ty  

Crossrange Ve loc i ty  

Relative Ve loc i ty  

I n e r t i a l  Ve loc i ty  

I n e r t i a l  F l i g h t  Pa th  
E leva t ion  Angle 

I n e r t i a l  F l i g h t  Pa th  
Azimuth Angle 

A l t i t u d e  

Range 

I n c l i n a t i o n  

Eccentric i t  y 

Per iod  

Apogee A 1  t i tude* 

Pe r igee  Al t i t ude*  

t 

xE 

zE 

iE 

+E 

% 
vE 

Y '  

I 
y2 ' 

h 

S 

h 

h 
aP 

P 

UNITS 

sec 

f t  

f t  

f t  

f t l s e c  

f t l s e c  

f t l s e c  

f t l sec  

f t l s e c  

deg 

deg 

f t  

f t  

deg 

deg 

min 

n. m i .  

n e  m i .  

DAC 

608.21 

6,184,060 

-376,647 

315,294 

23,253.5 

-7,010.6 

1,776.2 

24,351.5 

25,682.8 

0.009 

86.111 

535,489 

6,124,868 

31.61 

0.0048 

88.26 

118 e 69 

84.97 

MS FC 
P ..i__ 

608.15 

6,189 , 480 

-378,283 

' 315,765 

23,252.8 

-7,017.7 

1,768.4 

24,353.0 

25,684.4 

0.008 

86.125 

535,491 

6,130,390 

31.61 

0.0049 

88.28 

119.56 

84.98 

*Measured w i t h  r e s p e c t  t o  a mean e a r t h  r a d i u s  of 3,443.94 n .  m i .  
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TABLE 2-7 
PREDICTED AS-204/LM-l ORBITAL VENT IMPULSE 

TOTAL AXIAL 
DESCRIPTION 
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STATIONS 
NASA DAC 

2 170 e 342 

2034.859 A 

1698.859 A 
676 

INSTRUMENT UN I T 

554 

E' 

1.702 

702 

S-IVE 
STAGE 

S-IB 
STAGE 

286 147 

1 1 8 6 . 8 0 4 b 2 0 0 . 6 4 7  A 

-23.853 

-50.853 

A FLIGHT SEPARATION 
PLANES 

NOTE : ALL DIMENSIONS 
ARE I N  INCHES 

100 e 0 
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Figure 2-1. AS-204/LM -1 Launch Vehi c l  e 
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Figure 2-15. Predicted Tra jectory ,  S - I V B  Powered F l i g h t ,  Commanded Yaw Angle 
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Figure 2- 16. Predicted Tra jectory ,  S-IVB Powered F l i g h t s  P i t c h  and 
Yaw A t t i t u d e  Errors  

1 6  December 1967 
2-29 



100 200 300 40 0 500 600 I 

TIME FROM LIFTOFF, t (SEC) 

I O  

Figure 2-17. Predicted Trajectory,  S-IVB Powered F l i g h t ,  Pitch,  
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SECTION 3 

STAGE OBJECTIVES 



3. STAGE OBJECTIVES 

This  s e c t i o n  d e f i n e s  t h e  S-IVB s t a g e  f l i g h t  o b j e c t i v e s  f o r  t h e  AS-204 

mission.  

The purpose of t h e  S-IVB s t a g e  o b j e c t i v e s  is  t o  v e r i f y  t h e  performance 

of t h e  S-IVB s t a g e  a i r f r a m e  and s t a g e  systems, t o  confirm t h e  com- 

p a t i b i l i t y  of t h e  S-IB/S-IVB v e h i c l e  i n t e r f a c e s ,  and t o  determine and 

e v a l u a t e  t h e  i n t e r n a l  and e x t e r n a l  s t a g e  environments. It should b e  

noted t h a t  t h e  s t a g e  o b j e c t i v e s  d e s c r i b e  t h e  e v a l u a t i o n  e f f o r t s  t o  be 

accomplished e x c l u s i v e l y  by Douglas A i r c r a f t  Company and do no t  completely 

s a t i s f y  t h e  mission o b j e c t i v e s .  Mission o b j e c t i v e s ,  desc r ibed  i n  

s e c t i o n  2 of t h i s  document, are s a t i s f i e d  by t h e  cumulative e v a l u a t i o n  

e f f o r t s  of MSFC, Douglas, and t h e  o t h e r  Sa tu rn  program c o n t r a c t o r s  and 

t h e  r e s u l t s  r e p o r t e d  i n  t h e  MSFC v e h i c l e  r e p o r t .  

3.1 Airframe S t r u c t u r a l  I n t e g r i t y  

Ver i fy  t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  S-IVB s t a g e  during launch, boos t ,  

and powered f l i g h t .  

of t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  fol lowing a i r f r a m e  components: 

This  o b j e c t i v e  w i l l  be  achieved by t h e  e v a l u a t i o n  

a. Forward s k i r t  assembly 

b. LH2 tank assembly 

c. LOX tank assembly 

d.  Engine t h r u s t  s t r u c t u r e  

e. Af t  s k i r t  assembly 

f .  Af t  i n t e r s t a g e  assembly 

g. Common bulkhead 

3 . 2  Main P ropu l s ion  System 

Ver i fy  t h e  p ropu l s ion  system ope ra t ions  du r ing  launch, boos t  and powered 

f l i g h t .  

This  o b j e c t i v e  w i l l  b e  achieved by e v a l u a t i o n  of t h e  performance of t h e  

fo l lowing  systems: t h e  5-2 engine,  LH2, LOX, and t h e  s t a g e  pneumatic 
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control and purge system. 

curves are presented in figures AP 5-1 through AP 5-32. Average pre- 
dicted propulsion system performance parameters are presented in 
table AP 5-1. 

Predicted propulsion system performance 

3.2.1 

Determine the 5-2 engine chilldown, start, steady-state, and cutoff per- 

formance characteristics. Evaluation of the following will verify this 

ob j ective : 

5-2 Engine Performance and Conditioning 

a. 

b. 

C. 

d. 

e. 

f. 

8 .  

h. 

i. 

j. 

k. 

Thrust buildup characteristics during engine start transient 

Thrust characteristics during steady-state operation 

Thrust decay characteristics during erigine cutoff 

Total impulse 

Start impulse 

Cutoff impulse 

5-2 engine thrust chamber chilldown time; thermal gradients; 

response of the structure to chilldown, S-IB/S-IVB interstage 

environment, and retro and ullage rocket plume impingement 

during the S-IB stage boost phase 

5-2 engine start sphere chilldown and loading, conditions in 

the sphere at liftoff and Engine Start Command (ESC); mass 
used for engine start; and sphere warmup rate from pres- 

surization to liftoff and during S-IB boost 

5-2 engine control helium sphere prepressurization and loading; 

sphere conditions at liftoff and at ESC; and sphere warm-up 

rate from loading to liftoff and during S-IB boost 

5-2 engine sequencing 

Propellant consumption using flow integration and thrust profile 

for flight performance reconstruction. 

16 December 1967 
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3.2.2 LH2 System 

S a t i s f a c t o r y  o p e r a t i o n  of t h e  LH2 system w i l l  be  v e r i f i e d  by t h e  fol lowing:  

3 .2 .2 .1  LH2 P r o p e l l a n t  Feed System 

Demonstrate t h e  c a p a b i l i t y  of t h e  LH2 system t o  provide s u f f i c i e n t  f u e l  

and n e t  p o s i t i v e  s u c t i o n  head (NPSH) t o  t h e  5-2 engine f o r  s a t i s f a c t o r y  

o p e r a t i o n .  Evaluat ion of t h e  fol lowing w i l l  v e r i f y  t h i s  o b j e c t i v e :  

a.  

b. 

C .  

d.  

e. 

f .  

3.2.2.2 

Loading rates and tank u l l a g e  p r e s s u r e  t o  s a t i s f y  prelaunch 

load ing  o p e r a t i o n  requirements  

P r e p r e s s u r i z a t i o n  of t h e  LH2 t ank  p r i o r  t o  launch 

T r a n s i t i o n  from ground p r e p r e s s u r i z a t i o n  t o  onboard f l i g h t  

p r e s s u r i z a t i o n  system t o  provide t ank  h l a g e  p r e s s u r e  du r ing  

engine o p e r a t i o n  

Conditions of p r o p e l l a n t  NPSH supp l i ed  t o  the  5-2 engine LH2 

i n t e r f a c e  during p r e s t a r t  and s t eady- s t a t e  ope ra t ion  

LH2 r e c i r c u l a t i o n  chi l ldown 

NPSH d e l i v e r e d  t o  t h e  5-2 engine i n t e r f a c e .  

LH2 Vent Sys tern 

Demonstrate t h e  c a p a b i l i t y  of t h e  ven t  system t o  provide r e q u i r e d  tank 

p r e s s u r e s  a f t e r  5-2 engine c u t o f f .  Evaluat ion of t h e  fol lowing w i l l  

v e r i f y  t h i s  o b j e c t i v e :  

a. Nonpropulsive v e n t  system f l o w r a t e  

b. Nonpropulsive v e n t  system t h r u s t  and t h r u s t  imbalance 

c. Tank d e p r e s s u r i z a t i o n  ra te  

d .  Tank s e l f - p r e s s u r i z a t i o n  r a t e  

e. Heat i n p u t  rates. 

3.2.3 LOX System 

Demonstrate t h e  c a p a b i l i t y  of t h e  o x i d i z e r  system t o  provide s u f f i c i e n t  

o x i d i z e r  and n e t  p o s i t i v e  s u c t i o n  head (NPSH) t o  t h e  5-2 engine f o r  
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satisfactory operation. Evaluation of the following will verify this 

objective : 

a. 

b. 

C. 

d. 

e. 

f. 

g* 

h. 

i. 

Loading rates and tank ullage pressure to satisfy prelaunch 

loading operation requirements 

Prepressurization of the LOX tank prior to launch 

Transition from ground prepressurization to onboard flight 

prepressurization and operation of the onboard LOX tank 

pressurization to provide tank ullage pressure during engine 

operat ion 

Pressurization control module operation 

Cold helium supply 

5-2 heat exchanger performance 

LOX pump chilldown and recirculation 

Conditions of propellant NPSH supplied to the 5-2 engine LOX 

interface during prestart and steady-state operation 

Tank depressurization rate following 5-2 engine shutdown and 

vent valve actuation. 

3.2.4 Pneumatic Control and Purge System 

Demonstrate the capability of the pneumatic control and purge system to 

provide pneumatic power and purge gas throughout the mission. 

Performance evaluation will include: 

a. 

3. 

C. 

d. 

e. 

Ambient helium supply 

Regulation of control pressure 

Actuation of pneumatic valves 

Helium purge pressure and flow for the LH2 and LOX turbopump 

purges during prelaunch operations 

LOX recirculation chilldown pump motor container purge 

pres sur e. 
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3.2.5 LH2 and LOX Tank O r b i t a l  Dump 

Demonstrate t h e  c a p a b i l i t y  of t h e  S-IVB s t a g e  t o  dump t h e  r e s i d u a l  pro- 

p e l l a n t s  f o r  t h e  o r b i t a l  workshop concept.  Evaluat ion of t h e  fol lowing 

w i l l  v e r i f y  t h i s  o b j e c t i v e :  

a.  P r o p e l l a n t  r e s i d u a l  dump through t h e  5-2 engine 

b. "Blow-down" of t h e  c o l d  helium sphe res  

c. "Blow-down'' of t h e  pneumatic c o n t r o l  sphere.  

3 . 3  A u x i l i a r y  Propuls ion System 

Demonstrate t h e  c a p a b i l i t y  of t h e  a u x i l i a r y  propuls ion system (APS) t o  

provide p ropu l s ion  on demand f o r  r o l l  c o n t r o l  du r ing  S-IB b o o s t ,  and t o  

p rov ide  p i t c h ,  yaw, and r o l l  c o n t r o l  f o r  t h e  remainder of t h e  mission.  

Performance e v a l u a t i o n  w i l l  i nc lude  t h e  fol lowing:  

a. P r o p e l l a n t  loading rates and t h e  u l l a g e  and p r o p e l l a n t  t ank  

p r e s s u r e s  du r ing  loading o p e r a t i o n s  

b. Loading rate f o r  t h e  helium supply sphere 

c. P r e s s u r i z a t i o n  of t h e  p r o p e l l a n t  t anks  t o  f l i g h t  p r e s s u r e  

d. Response of t h e  engines  t o  s t a g e  commands during p r e f l i g h t  

checkouts and powered f l i g h t  

e. Value of t h e  minimum impulse b i t  

f .  APS system performance i n  space environment. 

3 . 4  Ul lage  Rockets 

Demonstrate t h e  c a p a b i l i t y  of t h e  u l l a g e  r o c k e t s  t o  provide s u f f i c i e n t  

t h r u s t  f o r  p r o p e l l a n t  s t a b i l i z a t i o n  du r ing  s e p a r a t i o n  and t h e  5-2 engine 

start  t r a n s i e n t .  

Performance e v a l u a t i o n  w i l l  i nc lude :  

a. Response of u l l a g e  r o c k e t s  t o  i g n i t i o n  s i g n a l  

i 

b. Chamber p r e s s u r e  v e r s u s  t i m e  

c e Proper  j e t t  i s o n i n g  a 
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3.5 Retrorockets 

Demonstrate the capability of the retrorockets to provide sufficient 

thrust for S-IVB/booster separation. 

Performance evaluation will include: 

a. Response of retrorockets to ignition signal 

b. Chamber pressure versus time. 

3.6 Hydraulic System 

Verify the operation of the hydraulic system during launch, boost, powered 

flight and orbit. Performance evaluation will include: 

a. Powered Flight 

(1) Verification that adequate pressurized fluid flow is 

available to the servo-actuator and that hydraulic system 

pressures are maintained within expected limits (figure AP 8-1) 

(2) Verification that fluid temperature is maintained within 

operable limits during system operation (figure AP 8-1). 

b. Orbital Coast 

(1) Observe hydraulic system temperatures, auxiliary pump air 

bottle pressure, and reservoir oil level. 

3.6.1 Servo System 

Verify the operation of the servo system during powered flight and orbital 

coast. Performance evaluation will include: 

a. Powered Flight 

(1) Verification of the adequacy of actuator artificial damping 
mechanism performance 

(2) Verification of the magnitude of IU command errors just prior 
to switching guidance to S-IVB burn mode 

(3) Verification of the adequacy of present compensation for thrust 

vector deflection errors caused by manufacturing tolerances in 

the gimbal joint and thrust structural compression effects 
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( 4 )  Evaluation of thrust misalignment and thrust eccentricity 

errors 

( 5 )  Evaluation of actuator start transient loads during engine 
start 

Evaluation of gimbal friction during powered flight 

Compare critical actuator component temperatures with 

predicted values 

Verify proper pitch and yaw actuator responses to commands. 

(6) 

(7) 

( 8 )  

b. Orbital Coast 

(1) Verification of the magnitude of IU command errors'in the 
non - S-IVB burn modes 
Compare critical actuator component temperatures with 
predicted values 

(2) 

(3)  Evaluate actuator deflections during coast. 

3.7 Flight Control System 

durin Verify the proper operation of the flight control system powered 
flight and orbital coast. This objective will be achieved by: verifi- 

cation of the proper operation of the thrust vector control system and 

the auxiliary attitude control system; comparison of inflight body bend- 

ing frequencies and propellant sloshing frequencies with those predicted , 

(figures AP 7-1 through AP 7-41. 

3.7.1 Thrust Vector Control System 

Demonstrate proper performance of the main engine control system during 

S-IVB powered flight. This objective will be achieved by evaluation of 

the following: 

a. Response of the thrust vector control loop to commands from the 

guidance control computer 

b. Proper response of the shaping networks and servo-amplifier to 

commands from the data adapter 

c. Demonstrate overall control stability during S-IVB flight, in- 

cluding controllability immediately after separation 

1 6  December 1967 
3- 7 



d. Simulation of transient regions of flight (e.g., separation, 

guidance initiation). 

3.7.2 Auxiliary Attitude Control System (AACS) 

Verification of control system stability and evaluation of performance 

during S-IVB powered flight and orbital coast. This objective will be 

achieved by consideration of the following: 

a. Simulation of actual APS firings and roll attitude error 

b. Comparison between theoretical and actual control system phase 
planes 

c. Comparison between actual and allocated impulse usage for 

vehicle maneuvers and disturbances ' 

3.8 Stage Separation 

Verify clearance distance between stages during separation. Predicted 

stage clearance is presented in figures AP 7-5 and AP 7-6. 

This objective will be achieved by determining the following: 

a. Lateral clearance between stages 

b. Separation distance between stages at 5-2 Engine Start Command 

c. Simulation of stage attitude error and rate. 

3.9 Data Acquisition System 

Verify that the data acquisition system is within design tolerances. 

The achievement of this objective will be verified by evaluation of data 
and of the performance of the following: radio frequency (RF) system, 
telemetry system, instrumentation system, and inflight tape recorder. 
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3.9.1 RF System 

Ver i fy  t h e  proper  o p e r a t i o n  of t h e  RF system. 

The achievement of t h i s  o b j e c t i v e  w i l l  be  v e r i f i e d  by e v a l u a t i o n  of 

t h e  fol lowing:  

a. 

b. 

C .  

d. 

e. 

RF s i g n a l  s t r e n g t h  a t  ground s t a t i o n s ,  h o r i z o n t a l  and v e r t i c a l  

p o l a r i z a t i o n  energy of each of t h e  RF f r equenc ie s  t o  determine 

r a d i a t e d  power 

RF power ou tpu t  of a l l  t r a n s m i t t e r  power a m p l i f i e r s  measured 

by means of d i r e c t i o n a l  coup le r s  and RF power d e t e c t o r s  

RF i n s e r t i o n  l o s s  during f l i g h t  between RF a m p l i f i e r s  and t h e  

a p p l i c a b l e  antenna i n p u t s  

Voltage s t and ing  wave r a t i o  (VSWR) computed from forward and 

r e f l e c t e d  power d a t a  f o r  each antenna obtained from t h e  b i -  

d i r e c t i o n a l  coup le r  and RF power d e t e c t o r s  

E f f e c t  of f lame a t t e n u a t i o n  by measuring t r a n s m i t t e d  power ou t  

t h e  antenna a r r a y s  du r ing  s e p a r a t i o n ,  measuring s i g n a l  s t r e n g t h  

a t  ground s t a t i o n s  and computing t h e  s i g n a l  a t t e n u a t i o n .  

3 .9 .2  Telemetry System 

Ver i fy  t h e  t e l eme t ry  subsystem performance. The achievement of t h i s  

o b j e c t i v e  w i l l  be v e r i f i e d  by c o n s i d e r a t i o n  of t h e  fol lowing:  

a. 

b.  

C .  

V e r i f i c a t i o n  of t h e  c o m p a t i b i l i t y  of t h e  d a t a  fo rma t ,  s i g n a l  

synchron iza t ion ,  and system c a l i b r a t i o n s  wi th  t h e  d a t a  reduc- 

t i o n  equipment u t i l i z i n g  prelaunch d a t a .  During f l i g h t ,  checks 

are made t o  determine synchron iza t ion  between d a t a  r e d u c t i o n  

systems and incoming d a t a .  

Examination of ou tpu t  o f  t h e  d a t a  r e d u c t i o n  system f o r  proper  

r e f e r e n c e  channel levels,  synchron iza t ion  p u l s e s ,  etc. 

Examination of PAM wave-train s t r i p o u t s  f o r  proper  format 

16  December 1967 

3- 9 



d. Examination of PCM data channels and synchronization words to 
verify consistency and proper operation of ground equipment 

e. Evaluation of FM/FM telemetry system accuracy from inflight 
calibration data 

Evaluation of PAM/FM and PCM/FM data accuracy by flight data 
comparison. 

f. 

3.9.3 Instrumentation System 

Verify the performance of the instrumentation system. The achievement 

of this objective will be verified by evaluating the following: 

a. FM system data for expected ranges and frequencies. Examination 
of i n f  light calibration of sub-carrier 'oscillator ( S C O )  

assemblies to determine proper operation and linearity 

b. PAM system data for proper format, proper reference channels 

and consistency of data channels from frame to frame 

e .  PCM data for proper format (correlation with redundant PAM link 
for accuracy) 

d. Single sideband (SSB) data, calibration signals and format of 
vibration multiplexer and marker pulses present on the service 

channel. 

3.9.4 Inflight Tape Recorder 

Verify proper performance of the inflight tape recorder. Verification of 

this objective will be achieved by evaluation of the following: 

a. Tape recorder stabilization time determined from the time for 

data stabilization observed from oscillograph recordings 

b. Wow and flutter during fast record and playback determined by 

discrimination of the 120 kc tape speed compensation signal 

c. Data received from tape recorder compared to real time data 
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3.9.5 nata V a l i d i t y  

Ver i fy  t h e  v a l i d i t y  of d a t a  from D i g i t a l  Data Acqu i s i t i on  System (DDAS). 

The achievement of t h i s  o b j e c t i v e  w i l l  be  e s t a b l i s h e d  by de te rmina t ion  

of d a t a  v a l i d i t y  on a channel-by-channel b a s i s  from t h e  fo l lowing  systems: 

a. FM/FM systems No. 1, 2 ,  and 3 

b.  PAM/FM/FM systems (prime and subchannels of t h e  model 270 t i m e -  

d i v i s i o n  m u l t i p l e x e r s )  

c. PCM/DDAS system 

d. SSB system. 

3.10 E l e c t r i c a l  Control  System 

Ver i fy  proper  performance of t h e  e lectr ical  c o n t r o l  system. The achieve- 

ment of t h i s  o b j e c t i v e  w i l l  be  v e r i f i e d  by e v a l u a t i o n  of t h e  o p e r a t i o n  

of t h e  fol lowing : 

a. Switch s e l e c t o r  

b. Sequencer 

c. Control  d i s t r i b u t o r s  

d.  Power d i s t r i b u t o r s  

e. P res su re  switches 

f .  EBW and r ange  s a f e t y  equipment 

g. In t e rconnec t ing  c a b l e s .  

3.11 P r o p e l l a n t  U t i l i z a t i o n  

The o b j e c t i v e  w i l l  be  v e r i f i e d  by e v a l u a t i n g  t h e  performance of t h e  PU 

system as u t i l i z e d  i n  a p r o p e l l a n t  loading mode and f o r  i n f l i g h t  p r o p e l l a n t  

management as de f ined  by t h e  c r i te r ia  l i s t e d  h e r e i n  (S-IVB-204 p r o p e l l a n t  

l oad ing  d a t a  i s  g iven  i n  appendix 6 ) .  

a. Demonstrate t h a t  t h e  PU system i n d i c a t e d  p r o p e l l a n t  load i s  

w i t h i n  1.12 pe rcen t  of t h e  a c t u a l  p r o p e l l a n t  load i n  each tank 

16  December 1967 
3-11 



as determined by t h e  s ta t is t ical  weighted average p r o p e l l a n t  

m a s s  h i s t o r y .  

b. Demonstrate t h e  a b i l i t y  of t h e  PU system t o  provide p r o p e l l a n t  

management, such t h a t  u s a b l e  p r o p e l l a n t  r e s i d u a l s  a t  d e p l e t i o n ,  

as e x t r a p o l a t e d  from t h e  cond i t ions  e x i s t i n g  a t  guidance c u t o f f ,  

are w i t h i n  575 lbm o r  less. 

c. Demonstrate closed-loop PU opera t ion  i n  t h e  programmed mix tu re  

r a t i o  (PMR) mode wi th  high engine mixture  r a t i o  (EMR) f o r  306 

(545) sec from Engine S t a r t  Command followed by a cutback t o  a 

nominal r e f e r e n c e  mixture  r a t i o  of 4.70: 1 f o r  the d u r a t i o n  of 

t h e  powered f l i g h t .  

3.12 Range S a f e t y  System 

The achievement of t h i s  o b j e c t i v e  w i l l  b e  v e r i f i e d  by proper o p e r a t i o n s  

of t h e  range s a f e t y  system (during powered f l i g h t )  f o r  normal f l i g h t ,  o r  

f o r  t h e  t e rmina t ion  of an  erratic f l i g h t .  

a. Normal F l i g h t  

(1) An RF carrier should be received by t h e  s t a g e  a t  a l l  t i m e s  

(2) I n d i c a t i o n  of s i g n a l  s t r e n g t h s  from each range s a f e t y  re- 

ceiver should be a nominal 1.3 v .  

b. Abnormal F l i g h t  

The o p e r a t i o n  of t h e  range s a f e t y  system dur ing  an abnormal 

f l i g h t  should i n c l u d e  t h o s e  o p e r a t i o n s  desc r ibed  f o r  normal 

f l i g h t  (paragraph 3.12a) p l u s  t h e  fol lowing:  

(1) I n d i c a t i o n  of r e c e i p t  of t h e  p r o p e l l a n t  d i s p e r s i o n  (PD) 

EBW F i r i n g  Unit  Arm and Engine Cutoff Command, from t h e  

range s a f e t y  decoder.  Tri-level s i g n a l s  should show a 

s t e p  i n c r e a s e  from 1.27 (50.3) v t o  2.43 (50.15) v 
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(2) The EBW firing units should show a charge of 2,300 (2100) v 
within one sec after the receipt of the EBW arm and engine 

cutoff signal 

After a predetermined time from the arm and engine cutoff 

signal, a propellant dispersion command will be given to 

the vehicle. At this time the range safety decoder tri-level 

signal should show a step increase to 4.16 (20.45) volts. 

(3) 

3.13 Stage Aero/Thermodynamics 

Determine stage aero/thermodynamics during launch, boost, powered flight, 

and orbital coast. This objective will include: 

Powered Flight 

a. Stage thermal environment and the response of structure and 

components subjected to cryogenics, aerodynamic heating, and 

5-2 engine plume impingement. Comparisons will be made between 

flight data and postflight simulations based on the actual tra- 

jectory, atmospheric parameters, stage operations, and ground 

test data. Areas to be investigated are: 

(1) Forward skirt 

(2) LH2 tank 

(3) Aft skirt 

( 4 )  Aft interstage (5-2 engine plume heating only) 

(5) APS fairing 

b. The propellant heat input during ground hold, boost, powered 

flight, and orbital coast, 

c. The external static pressure distributions on the stage, the 

LH2 feed line fairing, and the APS fairing as well as the 

internal pressure histories in the forward skirt, aft skirt, 

and interstage compartments. Comparisons will be made between 
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t h e  f l i g h t  d a t a ,  p r e f l i g h t  p r e d i c t i o n s ,  and p o s t f l i g h t  

s imula t ions .  

O r b i t a l  Coast 

a. Determine t h e  p r o p e l l a n t  hea t  i n p u t  du r ing  o r b i t a l  

c o a s t .  

3.14 V i b r a t i o n  and Acoust ic  Environment 

Th i s  o b j e c t i v e  w i l l  be  achieved by e v a l u a t i o n  of t h e  v i b r a t i o n  environ- 

ment of t h e  s t a g e . b a s i c  s t r u c t u r e ,  engine,  and components, and t h e  a c o u s t i c  

environment of t h e  a f t  s k i r t  du r ing  powered p o r t i o n s  of f l i g h t .  

The e v a l u a t i o n  w i l l  i nc lude :  

a. V i b r a t i o n  

(1) The b a s i c  s t r u c t u r e  v i b r a t i o n  w i l l  be  measured on t h e  

LH2 t a n k  c y l i n d e r  and on t h e  f i e l d  s p l i c e  r i n g  frame. 

(2) The engine v i b r a t i o n  w i l l  b e  measured a t  t h e  LH2 and 

LOX turbopumps and on t h e  combustion chamber dome. 

(3) The component v i b r a t i o n  w i l l  be  measured a t  t h e  r e t r o -  

r o c k e t ,  APS, LOX and LH2 f e e d l i n e s ,  a u x i l i a r y  hydrau l i c  

pump, LOX and LH2 v e n t  v a l v e s ,  cold helium sphe re ,  and 

t e l eme t ry  antenna. 

b. Acoust ics  

I n t e r n a l  and e x t e r n a l  sound p r e s s u r e  levels w i l l  be  measured on 

t h e  a f t  s k i r t  du r ing  S-IB powered f l i g h t .  

P r e d i c t e d  envelopes of t h e  composite v i b r a t i o n  and a c o u s t i c  l e v e l s  

are p resen ted  i n  f i g u r e  AP 8-6 .  

3.14.1 Forward S k i r t  Pane l  Dynamic Response 

Th i s  o b j e c t i v e  w i l l  be  achieved by e v a l u a t i o n  of t h e  dynamic response 

of t h e  forward s k i r t  s k i n  pane l s .  S ix t een  s t r a i n  gage measurements, 

l o c a t e d  c i r c u m f e r e n t i a l l y  on t h e  forward s k i r t ,  w i l l  p rov ide  t h e  d a t a .  
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A predicted envelope of the dynamic peak strain time-history and wave 

shapes are presented in figure AP 8-7. 

The maximum response will have a wave shape characteristic of narrow band 

random vibration and will be the result of random pressure fluctuations 

in the boundary layer. 

levels will be the same as shown o r  lower, but the wave shape will be 

primarily periodic and of constant amplitude. 

If panel flutter occurs, the dynamic peak strain 

3.15 Ordnance System 

Verify proper operation of the ordnance system during powered flight. 

The objective will be achieved by verification of the following: 

a. Operation of the stage separation systems 

b. Operation of the ullage rocket ignition and jettison systems 

c. Operation of the retrorocket ignition system. 

3.16 Environmental Control System 
~ ~~ 

Verify proper environmental control system performance during launch, 

boost, powered flight, and orbital coast. Performance evaluation will 

include: 

Powered Flight 

a. Verification that the proper S-IVB thermo-conditioning fluid 

flowrate supply pressure and temperature were maintained by 

the IU thermo-conditioning system. 

b. Verification that the S-IVB thermo-conditioning system fluid 
return pressure and temperature were within normal operating 

ranges. 

Orbital Coast 

a. Verification that the proper S-IVB thermo-conditioning fluid 

flowrate, supply pressure and temperature were maintained by 

the IU thermo-conditioning system. 
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b. Verification that the S-IVB thermo-conditioning system fluid 

return pressure and temperature were within normal operating 

ranges. 

3.17 Stage Sequence of Events 

Determination of the proper S-IVB acknowledgment of sequence commands 

issued from the IU will be verified by comparing IU command times to 
stage monitored command times. 

3.18 Countdown Demonstration Test 

The objectives of the countdown demonstration test relevant to flight, 

are to: 

a. Verify propellant utilization system calibration presented in 

appendix 6 (Propellant Loading). 

b. Maintain a 15 min fuel boiloff period with the fuel level near 
maximum load in order to more fully defjne the stage's insula- 

tion thermal conductivity. 

e. Determine propellant loading and temperature effects on strain 

gauge measurements to be utilized in subsequent flight test 

evaluation. 
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4 e STAGE CONFIGURATION 

This s e c t i o n  p r e s e n t s  t h e  gene ra l  c o n f i g u r a t i o n  of t h e  S-IVB-204 s t a g e  

and s i g n i f i c a n t  S-IVB-204 s t a g e  c o n f i g u r a t i o n  d i f f e r e n c e s  from t h e  

S-IVB-202 s t a g e .  

4 . 1  S-IVB-204 Stage 

The S-IVB-204 s t a g e  ( f i g u r e  4-1) c o n s i s t s  of t h e  fol lowing assemblies:  

a. Forward s k i r t  

b. P r o p e l l a n t  tanks 

c. Aft s k i r t  

d. Engine t h r u s t  s t r u c t u r e  

e. Aft  i n t e r s t a g e  

f .  Supporting subsystems. 

Complete S-IVR system d e s c r i p t i o n s  are p resen ted  i n  Douglas Report 

No. SM-46974, S-ID-202 Stage F l i g h t  Test  P l a n ,  ( r e f e r e n c e  4) and 

Douglas Drawing No. 1B59668: S - I D  204 End I tem T e s t  P l m ,  ( r e fe rence  

5 ) .  

4.2 Stage Configurat ion Di f f e rences  

The fol lowing paragraphs d e l i n e a t e  s i g n i f i c a n t  c o n f i g u r a t i o n  d i f f e r e n c e s  

between t h e  S-IVB-202 and S-IVB-204 s t a g e s .  

4.2.1 LH2 Vent System 

An o r b i t a l  ven t  i n i t i a t i o n  p r e s s u r e  switch has  been added t o  t h e  

S-IVB-204 s t a g e  LH2 v e n t  system. This  p r e s s u r e  switch (normally open),  

which o p e r a t e s  i n  con junc t ion  wi th  an LH2 v e n t  system t i m e r ,  opens t h e  

LH2 o r b i t a l  vent  when p r e s s u r e  b u i l d s  up w i t h i n  t h e  LH2 tank. As p r e s s u r e  

decays t o  a predetermined va lue ,  t h e  p r e s s u r e  switch w i l l  open, b u t  t h e  

t i m e r  con t inues  t o  t h e  end of i t s  c y c l e  a t  which t i m e  i t  c l o s e s  t h e  LH2 

o r b i t a l  vent .  F igu re  4-2 p r e s e n t s  a schematic  arrangement of t h e  

p ropu l s ion  system and i t s  a s s o c i a t e d  in s t rumen ta t ion .  
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4.2.2. LOX Vent 

The LOX vent angle will be fixed at 31 deg 33 min for the S-IVB-204 

stage. This angle may vary between the S-IVB-204 and subsequent stages. 

An investigation will be conducted to determine an optimum angle 

applicable to each stage. 

4.2.3 Auxiliary Propulsion System 

The helium regulator has been changed from a Douglas design to the 

Apollo design. This change deletes the crossover pressure switch, 
resulting in a reduction of the electrical wiring harness requirements. 

4.2.4 Retrorockets 

The nozzle size has been revised to increase the expansion ratio from 

4.26:l to 7.03:1, and the motor centerline was moved 6-1/2 in. outboard 

and parallel LO the interstage for purposes of reducing plume impingement 

on the interstage. 
vessel was added to reduce the possibility of burn thru. 

Internal insulation between the propellant and pressure 

4.2.5 5-2 Engine 

The 5-2 engine has been modified for start tank repressurization by 

using tap-offs at the injector manifold and main fuel manifold. 

4.2.6 LH2 Stratification 

Temperature probes will be located within the LH2 tank at certain 
strategic locations for the purpose of defining LH2 stratification during 

powered flight. 

4.2.7 LH2 Tank 

A reduction in available net positive suction head (NPSH) requirement 

resulted in lowering the LH2 tank pressurization limit from 42 psia to 
39 psia. Consequently; the skin thickness of the LH2 tank, with the 

exception of the common bulkhead, was reduced to conform to this 

revised requirement. 
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4.2.8 Forward S k i r t  

The S-IVB-204 s t a g e  has  a 150-sq i n .  v e n t  area €or s k i r t  c a v i t y  p r e s s u r e  

c o n t r o l ,  as opposed t o  100-sq i n .  f o r  t h e  S-IVB-202. 

4.2.9 P r o p e l l a n t  U t i l i z a t i o n  System 

The S-IVB-204 PU system forward and feedback shaping networks were 

changed as t h e  r e s u l t  of a s tudy  t o  opt imize PU performance. The 

feedback gain depends upon t h e  r e f e r e n c e  mixture  r a t i o  (RMR.) and has  

been ad jus t ed  f o r  a 4.70:l  RMR i n  o r d e r  t o  o b t a i n  optimum s t a g e  

performance. 

4.2.10 Ambient Helium B o t t l e  

The s i z e  of t h e  ambient helium b o t t l e  has  been changed from 905 cu i n .  t o  

4.5 cu f t  i n  o r d e r  t o  perform t h e  a d d i t i o n a l  exercises scheduled € o r  

t h i s  mission. 

4.2.11 S t r a i n  Ins t rumen ta t ion  

S ix t een  e x t e r n a l  forward s k i r t  measurement systems, i n s t a l l e d  t o  

determine a x i a l  and body bending s t r a i n s ,  w e r e  removed. S ix t een  addi- 

t i o n a l  measurements were i n s t a l l e d  and l o c a t e d  t o  measure dynamic 

s t r a i n  f o r  e v a l u a t i o n  of f l u t t e r  of t h e  forward s k i r t  pane l s .  This 

n e c e s s i t a t e d  changes i n  w i r i n g ,  s i g n a l  cond i t ion ing  hardware and 

t e l eme t ry  channel assignments.  

4 e 2 e 12  

It has  been determined t h a t  f u e l  d e p l e t i o n  w i l l  n o t  occur ,  ‘Therefore, 

t h e  f u e l  p o i n t  level d e p l e t i o n  s e n s o r s  w i l l  n o t  b e  a c t i v a t e d  u n l e s s  

v e l o c i t y  cu to f f  does n o t  occur .  

Engine Cutoff 

4.2.13 Dump Experiment 

The S-IVB-204 dump experiment r equ i r ed  t h e  fo l lowing  s t a g e  conf igu ra t ion  

changes : 

a. Ten a d d i t i o n a l  switch s e l e c t o r  commands were added which enab le  

t h e  dumping. 
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b.  R e w i r e  hel ium dump valve ( l o c a t e d  i n  t h e  ambient helium f i l l  

module) to prov ide  p a s s i v a t i o n  of t h e  pneumatic c o n t r o l  sphere.  

c. R e w i r e  mainstage c o n t r o l  s o l e n o i d  s o  t h e  LOX main engine v a l v e  

can b e  opened independent ly .  

d. R e w i r e  t h e  i g n i t i o n  phase c o n t r o l  so l eno id  s o  t h e  LH2 main 

engine valve can b e  opened independently.  

e. Realign t h e  LOX tank v e n t  t o  opt imize APS p r o p e l l a n t  usage 

during t h e  dump experiment. 
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Figure 4-1. S-IUB-204 Stage Cutaway 
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5. LAUNCH MISSION RULES AND REDLINES 

This s e c t i o n  d e f i n e s  the  launch mission r u l e s  p e r t a i n i n g  t o  t h e  S-IVB 

s t a g e ,  r e d l i n e s  (which are a p a r t  of t he  launch mission r u l e s )  backup 

r e d l i n e s ,  and b l u e l i n e s .  The information r ega rd ing  launch mission r u l e s  

and backup r e d l i n e s  has been submit ted t o  NASA/MSFC p r i o r  t o  incorpora- 

t i o n  i n t o  t h i s  r e p o r t .  

5 .1  Launch Mission Rules 

Launch mission r u l e s  are launch v e h i c l e ,  space v e h i c l e ,  and s p a c e c r a f t  

launch c o n s t r a i n i n g  requirements .  These launch c o n s t r a i n t s  a r e  t o  be 

inco rpora t ed  i n t o  the  NASAIKSC Launch Mission Rules document ( r e f e r e n c e  6) 

p r i o r  t o  t h e  AS-204/LM-1 f l i g h t  e 

The Launch Mission Rules document i s  d iv ided  i n t o  f i v e  major areas as 

fol lows : 

a. Mission Rules and D e f i n i t i o n s  

b Launch Vehicle Requirements 

c. Space Vehicle Requirements 

d. Spacec ra f t  Requirements 

e.  Technical Support 

The S-IVB s t a g e  i s  n o t  a f f e c t e d  by the  s p a c e c r a f t  o r  t e c h n i c a l  support  

requirements .  

The launch mission r u l e s  are e f f e c t i v e  during t h e  prelaunch ope ra t ions  

pe r iod .  

s p a c e c r a f t  cabin c l o s e  out  a t  T -14 h r  and ends a t  T -5 sec ( 2  sec p r i o r  

t o  i g n i t i o n  command) ., 

For the  AS-204/LM-1 f l i g h t ,  ' t h i s  p e r i o d  commences w i t h  t h e  

5.1.1 Mission Rules and D e f i n i t i o n s  

The fol lowing mission r u l e s  and d e f i n i t i o n s  e x t r a c t e d  from t h e  Launch 

Mission Rules document p e r t a i n  d i r e c t l y  t o  t h e  S-IVB s t a g e .  

a. A mandatory i tem i s  a space v e h i c l e  element o r  o p e r a t i o n a l  

support  element t h a t  i s  e s s e n t i a l  f o r  accomplishment of t h e  
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primary mission,  which i n c l u d e s  prelaunch,  f l i g h t ,  and recovery 

o p e r a t i o n s  t h a t  a s s u r e  crew s a f e t y  and e f f e c t i v e  o p e r a t i o n a l  

c o n t r o l  as w e l l  as t h e  a t t a inmen t  of t h e  primary mission 

o b j e c t i v e s .  

b .  A h i g h l y  d e s i r a b l e  i t e m  i s  a space v e h i c l e  element o r  

o p e r a t i o n a l  suppor t  element t h a t  suppor t s  and enhances t h e  

accomplishment of t he  primary mission o r  i s  e s s e n t i a l  f o r  t h e  

accomplishment of t h e  secondary mission o b j e c t i v e s .  

c. Redlines are minimum and/or  maximum accep tab le  values  of 

p r e s s u r e s ,  temperatures ,  e t c . ,  e s s e n t i a l  f o r  accomplishing 

the  primary mission. A l l  r e d l i n e s  are mandatory i t e m s  by 

d e f i n i t i o n .  

d. A h o l d  i s  an i n t e r r u p t i o n  of t h e  countdown f o r  unfavorable  

weather ,  repair  of hardware, o r  c o r r e c t i o n  of cond i t ions  

u n s a t i s f a c t o r y  f o r  launch o r  f l i g h t .  

e. Cutoff i s  t h e  automatic  o r  manual command t o  s t o p  t h e  launch 

sequence a f t e r  i n i t i a t i o n  of t h e  "automatic launch sequence 

s t a r t  e I' 

f .  L i f t o f f  i s  t h e  e v e n t  determined by the  instrument  u n i t  u m b i l i c a l  

d i sconnec t  s i g n a l  and i s  t h e  p o i n t  i n  t i m e  when p l u s  t i m e  

commences. 

g. The command p i l o t  (manned mis s ions ) ,  s p a c e c r a f t  t es t  conductor,  

launch v e h i c l e  t e s t  conductor,  space v e h i c l e  t e s t  s u p e r v i s o r ,  

launch ope ra t ions  manager, launch d i r e c t o r ,  f l i g h t  d i r e c t o r ,  

DOD manager f o r  manned space f l i g h t  support  o p e r a t i o n s ,  o r  t h e  

mission d i r e c t o r  may call a hold f o r  cond i t ions  w i t h i n  t h e i r  

r e s p e c t i v e  areas of r e s p o n s i b i l i t y .  Only t h e  mission d i r e c t o r  

may sc rub  a mission.  

h. When t i m e  pe rmi t s ,  t h e  f a i l u r e  of a mandatory o r  h i g h l y  de- 

s i r a b l e  i t e m  w i l l  b e  r epor t ed  t o  t h e  mission d i r e c t o r  by t h e  
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I launch d i r e c t o r  o r  t h e  f l i g h t  d i r e c t o r .  The i n i t i a l  r e p o r t  

w i l l  i nc lude  t h e  p o s i t i o n  o r  f a c i l i t y  t h a t  d e t e c t e d  t h e  m a l -  

f unc t ion .  Subsequent ly ,  t h e  miss ion  d i r e c t o r  w i l l  be  informed 

of e s t ima ted  t i m e  t o  r e p a i r  and recommended proceed, hold 

r e c y c l e  o r  sc rub  a c t i o n  as i t  develops.  

i. Whenever p o s s i b l e ,  t he  launch s i t e  and Mission Cont ro l  Center- 

Houston (MCC-H) w i l l  v e r i f y  te lemet ry  readout  d i sc repanc ie s  

occur r ing  p r i o r  t o  l i f t o f f .  I f  t h e  MCC-H l o s e s  a parameter  b u t  

t he  launch s i t e  has  a v a l i d  readout ,  t h e  MCC-H w i l l  cont inue  on 

t h e  launch s i t e  readout .  This i s  t r u e  except  f o r  those  

mandatory parameters  ( l i s t e d  i n  t h e  F l i g h t  Mission Rules) upon 

which miss ion  r u l e s  a c t i o n  i s  taken.  I n  t h i s  case, a ho ld  w i l l  

be c a l l e d  t o  e v a l u a t e  t h e  problem. 

j. I f  a mandatory i t e m  f a i l s  dur ing  t h e  countdown, i t  w i l l  be  

c o r r e c t e d  p r i o r  t o  launch,  ho ld ing  o r  r ecyc l ing  t h e  countdown as 

necessary .  I f  t h e  i t e m  cannot be c o r r e c t e d  t o  permi t  l i f t o f f  

w i t h i n  the  launch window, t h e  miss ion  d i r e c t o r  may proceed wi th  

t h e  launch a f t e r  a p p r o p r i a t e  coord ina t ion  w i t h  t h e  launch and 

f l i g h t  d i r e c t o r s  and t h e  DOD manager f o r  MSF suppor t  ope ra t ions .  

k. Considera t ion  w i l l  be  given t o  t h e  r e p a i r  of any h igh ly  

d e s i r a b l e  i t e m ,  b u t  i n  no case w i l l  t h e  launch be  scrubbed f o r  

any s i n g l e  h igh ly  d e s i r a b l e  i t e m .  I f  two o r  more h igh ly  

d e s i r a b l e  items f a i l  and i f  o t h e r  aggrava t ing  circumstances 

occur ,  t h e  mission d i r e c t o r  may scrub  t h e  miss ion  a f t e r  

a p p r o p r i a t e  coord ina t ion  wi th  t h e  launch and f l i g h t  d i r e c t o r s '  

and t h e  DOD manager f o r  MSF suppor t  ope ra t ions .  

1. The launch may be h e l d ,  b u t  w i l l  n o t  b e  scrubbed f o r  a secondary 

miss ion  ob jec t ive .  

m. The countdown w i l l  con t inue  where p o s s i b l e  concur ren t ly  w i t h  

c o r r e c t i o n  of an e x i s t i n g  problem. 

A v e r b a l  r e q u e s t  f o r  c u t o f f  w i l l  n o t  be  given by i n d i v i d u a l s  

monitor ing i t e m s  l i s t e d  i n  t h i s  document a f t e r  T -5 sec. Panel  
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o p e r a t o r s  ClNP and ClFR w i l l  n o t  i n i t i a t e  cu to f f  a f t e r  T -5 s e c  

e x c e p t  f o r  f a i l u r e  of t h e  space v e h i c l e  t o  l i f t o f f .  

0. Any f u n c t i o n  t h a t  i s  i n t e r l o c k e d  on an automatic  sequencing and 

w i l l  e f f e c t  an automatic  shutdown o r  w i l l  p r even t  l i f t o f f  i s  

de f ined  h e r e i n  as mandatory and i s  n o t  r e i t e r a t e d  w i t h i n  t h i s  

document. 

p .  A l l  r e d l i n e s  (minimum and/or maximum va lues  o r  cond i t ions )  are 

de f ined  h e r e i n  as mandatory, V e r i f i c a t i o n  t h a t  t h e  v a l u e s  o r  

cond i t ions  remain w i t h i n  the  l i m i t s  of accep tab le  o p e r a t i o n  

s p e c i f i e d  i s  a l s o  mandatory. 

5.1.2 Space Vehicle Requirements 

The S-IVB s t a g e  launch c o n s t r a i n t s ,  as  de f ined  by t h e  Launch Mission 

Rules document and app l i ed  t o  the  space v e h i c l e ,  a r e  l i s t e d  i n  t h e  

fol lowing paragraphs : 

a. Launch Window R e s t r i c t i o n s  - No mandatbry o r  h igh ly  

d e s i r a b l e  launch window r e s t r i c t i o n s  e x i s t  f o r  SA-204/LM-1. 

b. Su r face  Wind R e s t r i c t i o n s  - Sur face  wind r e s t r i c t i o n s  

r e fe renced  t o  60 f e e t  and based on Cape Kennedy 95.0 p e r c e n t i l e  

wind p r o f i l e  w i th  a gus t  f a c t o r  w i l l  be included i n  a l a te r  

r e v i  s ion.  

c. Range S a f e t y  R e s t r i c t i o n s  - Both S-IVB s t a g e  range s a f e t y  

command receivers are mandatory f o r  launch. 

d. Space Vehicle  Func t iona l  Seqbence - During the  t i m e  p e r i o d  

s p e c i f i e d ,  and i n  t h e  even t  problems are encountered i n  t h e  

countdown, the fol lowing a c t i o n s  are t o  be followed: 

TIME PERIOD CON D I T  I ON ACTION /COMMENT 

T -4 h r  20 min Malfunction of any Cor rec t  malfunct ion i n  
( s e r v i c e  s t ruc-  r e p a i r a b l e  space p a r a l l e l  w i th  o t h e r  
t u r e  removal) t o  v e h i c l e  element o r  ope ra t ions .  Hold a t  
T -3 h r  20 min ' o p e r a t i o n a l  suppor t  T -4 h r  20 min f o r  
( s t a r t  L/V dual  element mandatory o r  h i g h l y  
LOX loading)  e d e s i r a b l e  i t e m s  i f  

16  December 1967 

5-4 



TIME PERIOD CONDITION ACTION/COMMENT 

r e p a i r  cannot be 
completed i n  p a r a l l e l  
with o r  a f t e r  cryo- 
gen ic  loading.  

T -15 min (S-IVB Malfunction of any Hold. A hold of 
t h r u s t  chamber one of t h e  fol lowing:  5 rnin maximum can be 
c h i  1 Id own) t o  
T -2 rnin 43 sec 
(automatic  
sequence s t a r t )  

1. 

2 .  

3 .  

4 .  

5. 

6. 

7. 

8 .  

Malfunction of 
t h e  L/V guidance 
and c o n t r o l  
s y s  t e m .  

Loss of any com- 
p l e t e  L/V tele- 
metry l i n k .  

Malfunction of 4 

t h e  v e h i c l e  f i r e  
d e t e c t i o n  system 
( 2  of 4 M; 2 of 
4 HD). 

Loss of o r  
exceeding any S / V \  
r e d l i n e  cond i t ion  
ap p li cab le  t o  
t h i s  t i m e  pe r iod .  

Malfunction of 
L/V t ape  r eco rde r .  

Malfunction of t h e  
L/V p r o p e l l a n t  
d i s p e r s i o n  sys  t e m  
( a l l  4 DRSCR'S 
are mandatory) e 

Malfunction of 
t h e  LM environ- 
mental  c o n t r o l  
sys  t e m .  

Malfunction of 
t h e  LM e l ec t r i ca l  
power sys  t e m .  

t o l e r a t e d  wi thou t  
r e c y c l i n g  t o  T -15 min 
provided S-IVB c h i l l -  
down ope ra t ions  
cont inue.  This l i m i -  
t a t i o n  i s  d i c t a t e d  by 
S-IVB t h r u s t  chamber 
chil ldown. I f  t h e  
hold exceeds 5 min 
r ecyc le  t o  T -15 min. 
A warmup pe r iod  of 
10 min i s  r e q u i r e d  
p r i o r  t o  i n i t i a t i n g  
chil ldown sequence 
a f t e r  r e c y c l i n g  t o  
T -15 min. A hold i n  
excess  of one hour a t  
T -15 rnin w i l l  r e q u i r e  
a r e c y c l e  t o  
T -30 min. 

NOTE 1: The number 
of r e c y c l e s  t o  
T -15 min i s  l i m i t e d  
by t h e  c a p a b i l i t y  of 
t he  gaseous hydrogen 
s t o r a g e  f a c i l i t y .  This  
c a p a b i l i t y  w i l l  al low 
a maximum of 4 com- 
p l e t e  charges of t h e  
S-IVB s t a r t  b o t t l e  
be fo re  dep le t ion .  
6 t o  8 h r  are r equ i r ed  
t o  recharge t h e  
s to rage  f a c i l i t y  . 

T - 2  min 43 sec Malfunction of any Cutoff.  Recycle t o  
(automatic  sequence one of t h e  fol lowing:  T -15 min. Make t h e  
start)  t o  T -5 sec d e c i s i o n  t o  hold and 1. Malfunction of ( 2  sec p r i o r  t o  * r e p a i r  o r  t o  scrub.  t h e  L/V guidance i g n i t i o n )  A wamup pe r iod  of and c o n t r o l  10 min i s  r equ i r ed  sys  t e m .  
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TIME PERIOD 

2. 

3. 

4 .  

5. 

CONDITION ACTION /COM!%NT 

L o s s  of t h e  S-IVB 
s t a g e  t e l eme t ry  
l i n k  CP-1. 

Malfunction of t h e  
v e h i c l e  f i r e  detec- 
t i o n  system ( 2  of 
4 M; 3 of 4 HD). 

Loss of o r  
exceeding any S/V 
r e d l i n e  c o n d i t i o n  
a p p l i c a b l e  t o  t h i s  
time period.  

Malfunction of t h e  
L /V p r o p e l l a n t  d i s -  
p e r s i o n  system 
( a l l  4 DRSCR'S are 
mandatory). 

5.1.3 Launch Vehicle Requirements 

be fo re  i n i t i a t i n g  
S-IVB chil ldown 
sequence a f t e r  
re cyc l ing  t o  
T -15 min. 

NOTE 1: The number of 
r ecyc le s  t o  T -15 min 
i s  l i m i t e d  by the  
c a p a b i l i t y  of t h e  
gaseous hydrogen 
s t o r a g e  f a c i l i t y .  
This c a p a b i l i t y  w i l l  
a l low a maximum of 
4 complete charges of 
t h e  S-IVB s t a r t  b o t t l e  
be fo re  dep le t ion .  
6 t o  8 h r  are r equ i r ed  
t o  recharge t h e  
s t o r a g e  f a c i l i t y .  

The launch v e h i c l e  requirements a r e  comprised of the fol lowing:  

a. Redlines 

b. C r i t i c a l  F l i g h t  Control  Measurements 

c. C r i t i c a l  Telemetry Sys tems. 

These requirements are desc r ibed  i n  t h e  fo l lowing  paragraphs.  

5 .1 .3 .1  Redl ines  

Redl ines  are t h e  l i m i t s  of a c r i t i c a l  prelaunch parameter,  which s ing-  

u l a r l y  o r  i n  combination w i t h  o t h e r  parameters, d e s c r i b e  a c c e p t a b l e  

performance requirements  of a component o r  system. The prelaunch 

ope ra t ions  pe r iod  o r  countdown cannot b e  completed i f  t h e  c o n d i t i o n s  

s p e c i f i e d  are n o t  m e t .  The launch mission r u l e s  d e f i n e  a l l  r e d l i n e s  

as mandatory. The measurements monitor ing t h e  parameters  w i t h  r e d l i n e  

l i m i t s  are l i s t e d  i n  t a b l e  5-1 w i t h  t h e i r  l i m i t s ,  expected v a l u e s  and 

a p p l i c a b l e  t i m e  per iod.s  

a s t r i p  c h a r t  i n  t h e  blockhouse. 

Each r e d l i n e  measurement must b e  monitored on 
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5.1.3.2 Cr i t ica l  F l i g h t  Control  Measurements 

Critical f l i g h t  c o n t r o l  measurements ( t a b l e  5-2) are implemented f o r  

realtime f l i g h t  c o n t r o l  of t h e  mission.  It is  r e q u i r e d  t h a t  t h e s e  

elements b e  o p e r a t i o n a l  du r ing  t h e  f i n a l  p a r t  of t h e  countdown, i n  

compliance w i t h  t h e  assigned ca t egory ,  o r  s u c c e s s f u l  completion of t h e  

primary mission w i l l  b e  j eopa rd ized .  

5.1.3.3 Cr i t ica l  Telemetry Systems 

The p ropu l s ion  system performance a n a l y s i s  i s  considered a primary f l i g h t  

o b j e c t i v e  f o r  t h e  AS-204/LM-1 mission, which emphasizes t h e  importance 

of t h e  p o s t f l i g h t  engine a n a l y s i s .  The S-IVB-204 s t a g e  i n s t r u m e n t a t i o n  

is configured such t h a t  c e r t a i n  key d a t a ,  r e q u i r e d  f o r  engine a n a l y s i s ,  

may b e  obtained only from t h e  FM/FM p o r t i o n s  of l i n k s  CF-1 o r  CF-2. To 

b e  c o n s i s t e n t  w i t h  t h e  requirement f o r  engine a n a l y s i s ,  Douglas r e q u i r e s  

t h a t  t e l eme t ry  l i n k s  CF-1 and CF-2 b e  mandatory f o r  t h e  S-IVB-204 s t a g e ,  

and l i n k  CF-3 b e  h igh ly  d e s i r a b l e .  

The A 1  and A2 m u l t i p l e x e r s  provide t h e  m a j o r i t y  of t h e  d a t a  used f o r  

f l i g h t  e v a l u a t i o n  and t h e r e f o r e  are mandatory. The BO mul t ip l exe r ,  v ia  

t h e  I U ,  p rov ides  t h e  f l i g h t  c o n t r o l  measurement d a t a  and i s  considered 

as mandatory. The A3 mul t ip l exe r  is  used p r i m a r i l y  f o r  ground checkout 

and t h e r e f  o r e  i s  n o t  considered mandatory by t h e  launch mission r u l e s .  

Douglas recommends t h a t  t h e  t ape  r e c o r d e r  b e  ca t egor i zed  as h i g h l y  

d e s i r a b l e ,  based upon d a t a  requirements du r ing  flame a t t e n u a t i o n  e f f e c t s  

a t  engine start, and t h e  importance of continuous ven t ,  maneuvering, A P S ,  

and b o i l o f f  d a t a  du r ing  o r b i t a l  f l i g h t .  

T o t a l  Douglas t e l eme t ry  requirements f o r  t h e  S-IVB-204 s t a g e  are as 

fo l lows  : 

a.  The PCM/FM l i n k  CP-1 i s  mandatory 

b .  The PAM/FM l i n k s  CF-1, CF-2 are mandatory 

c. The PAM/FM l i n k  CF-3 i s  h i g h l y  d e s i r a b l e  

d.  The SSB/FM l i n k  CS-1 i s  h i g h l y  d e s i r a b l e  
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e. The BO multiplexer (via IU) is mandatory 

f. The A1 and A2 multiplexers are mandatory 

g. The A3 multiplexer is highly desirable 

h. The tape recorder is highly desirable. 

These requirements will continually be reviewed and coordinated with 

the cognizant MSFC laboratories. In the event that S-IVB stage or 

mission requirements should change, these requirements will be revised 

and updated as required. 

5.2  Backup Redlines 

Backup redlines are substitutions for redline measurements in the event 

the redline becomes faulty. These measurements are to be used only 

after a careful investigation and assessment of data has established the 

primary measurement to be unacceptable. 

time corresponds with its redline, The backup redline measurements are 

listed in table 5-3. 

The backup measurement applicable 

For redlines that have backups, at least one backup for each of these 

redlines should be monitored in the blockhouse at KSC or at the Central 

Instrumentation Facility (CIF). 

If a redline value is exceeded during automatic sequence, a hold is 
imposed, the countdown is reverted to T -15 min and the decision to 

implement the backup redline is made. 

5.3  Bluelines 

Bluelines are maximum and/or minimum values of a parameter which, if 

exceeded, shall result in an engineering judgment as to whether the 

countdown will be completed without corrective action. The measurements 

monitoring bluelines are listed in table 5-4. 

Bluelines have not been included in the Launch Mission Rules document in 

the past. 
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The blueline philosophy and limits are implemented by instructions from 

the design technologies to the instrumentation observers. Under no 

condition should exceeding a blueline, hold or scrub a launch without 

the consent of the Launch Director. 

It is plarrned to monitor all bluelines in the blockhouse at KSC or at 

the CIF by strip chart or "page format." 
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I 

ME AS UREMENT 
NUMBER 

COOO3-403 

COOO4-403 

D0001-401 

D0002-403 

D0003-403 

D0014-403 

D0016-425 

D0017-401 

DO0 19-40 1 

DO02 1-408 

DO 1 7  8-4 10  

D0041-403 

D0042-403 

DO06 4-4 1 4  

D0068-415 

DO 160-403 

D0179-424 

D0180-424 

G0001-403 

G0002-403 

G0003-401 

G0004-40 1 

G0010-401 

TABLE 5-2 (Sheet  1 of 2) 
S-IVB-204 CRITICAL FLIGHT CONTROL MEASUREMENTS 

TITLE 

Temp - Fuel  Pump I n l e t  

Temp - Oxidizer  Pump I n l e t  

P r e s s u r e  - Thrus t  Chamber 

P r e s s u r e  - Fuel  Pump I n l e t  

P r e s s u r e  - Oxidizer  Pump I n l e t  

P r e s s u r e  - Contro l  H e  Regula tor  Discharge 

P r e s s u r e  - Cold Helium Sphere 

P res su re  - GI12 S t a r t  B o t t l e  

P r e s s u r e  - Engine Cont ro l  H e  Sphere 

P r e s s u r e  - Fuel  Tank Ullage 

P r e s s u r e  - Fuel  Tank Ullage EDS 2 

P res su re  - Hydraul ic  Sys t e m  

P r e s s u r e  - Reservoi r  O i l  

P r e s s u r e  - H e  Regula tor  I n l e t  Mod 1 ( A P S )  

P r e s s u r e  - H e  Regula tor  I n l e t  Mod 2 ( A P S )  

P r e s s u r e  - Helium (Ambient) Sphere 

P r e s s u r e  - Oxidizer  Tank Ullage EDS 1 

P r e s s u r e  - Oxidizer  Tank Ullage EDS 2 

P o s i t  - Actua tor  P i s t o n  Po t  P i t c h  

P o s i t  - Actua tor  P i s t o n  P o t  P i t c h  

P o s i t  - Main Oxid izer  Valve 

P o s i t  - Main Fuel  Valve 

P o s i t  - PU System Ra t io  Valve 

1 6  December 1967 

CATEGORY 

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i rab le  

Highly Des i rab le  

1. of 2 Mandatory 

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

1 of 2 Mandatory 

Highly Des i rab  1 e 

High l y  Des i r a b  le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  
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MEASUREMENT 1 NUMBER 
TITLE 

KO00 1- 4 10 

K0002-424 

KO0 14- 40 1 

KO 15 7-40 1 

LOOO7-403 

NO03 7-4 14 

N0038-415 

N0039-414 

N0040-415 

CATEGORY 

Event - Fuel Tank Vent Valve - Closed 

Event - Oxid ize r  Tank Vent Valve - Closed 

Event - Mainstage OK P r e s s  Switch 1 

Event - Mainstage OK P r e s s  Switch 2 

Level - Rese rvo i r  O i l  

Misc - Qty - Oxidizer  Tank Mod 1 ( A P S )  

Misc - Qty - Oxidizer  Tank Mod 2 (APS,) 

Misc - Qty - Fuel  Tank Mod 1 ( A P S )  

Misc - Qty - Fuel  Tank Mod 2 (APS) 

Highly D e s i r a b l e  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  
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NOTE: VENT SYSTEM BACK 
PRESSURE HIGHER 
THAN 16.7 PSIA 
BEFORE TANK PRES- 
SURIZATION WILL 
I NVALI DATE TH I S 
BOX a 

T-2 MIN 43 SEC TO i-5 SEC 

I 
4L 

4; 

41 

3E 

3E 

3L 

39.0 
I 

I 
3 32 34 36 38 

FUEL ULLAGE PRESSURE (PSIA) 
(D0021-408) 

3 

7 

3 

Figure 5-1. LH2 Crit ical  Limits a t  L i f t o f f  
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SECTION 6 

FLIGHT TEST MANAGEMENT 



, 6. FLIGHT TEST MANAGEMENT 

This  s e c t i o n  d e f i n e s  the  r e s p o n s i b i l i t i e s  of t h e  Douglas A i r c r a f t  

Company r e l a t i v e  t o  t h e  d a t a  flow, f l i g h t  t e s t  e v a l u a t i o n ,  and documenta- 

t i o n  of the S-IVB-204 s t a g e  f l i g h t  t e s t .  

6 . 1  F l i g h t  Test R e s p o n s i b i l i t i e s  

Douglas A i r c r a f t  Company pe r sonne l  w i l l  perform p o s t f l i g h t  e v a l u a t i o n s  

of t h e  S-IVB-204 s t a g e  a t  t h e  fol lowing l o c a t i o n s :  

a. Kennedy Space Center (KSC), Cape Kennedy, F l o r i d a  

b. Marshall  Space F l i g h t  Center (MSFC), H u n t s v i l l e ,  Alabama 

c. Douglas M i s s i l e  & Space Systems Div i s ion  (MSSD), Huntington 

Beach, C a l i f o r n i a .  

A t  KSC, Douglas i s  r ep resen ted  by the  F l o r i d a  T e s t  Center (FTC) T e s t  

Planning and Evaluat ion (TPGE) Committee; a t  Huntington Beach, Douglas i s  

r ep resen ted  by t h e  DAC/HB TP&E Committee; and a t  MSFC, by t h e  DAC/MSFC 

1 i a i  s on t eam . 
The DAC/HB and DAC/FTC TP&E Committees c o n s i s t  of personnel  ass igned from 

Sa tu rn  Engineering s e c t i o n s  and branches.  T h e i r  func t ions  are t o :  

a. Coordinate p o s t f l i g h t  e v a l u a t i o n  

b.  Provide information f o r  a l l  c o n t r a c t u a l  documentation 

c .  Coordinate t e s t  planning f o r  f u t u r e  ? l i g h t s .  

The o n s i t e  quick-look p o s t f l i g h t  e v a l u a t i o n ,  c o n s i s t i n g  p r i m a r i l y  of 

analog d a t a  e v a l u a t i o n ,  i s  performed by t h e  DAC/FTC TP&E Committee, and 

t h e  r e s u l t s  are t r a n s m i t t e d  t o :  

a. Na t iona l  Aeronautics and Space  Adminis t ra t ion (NASA), 

Kennedy Space Center 

b.  DAC/HB TP&E Committee 

c. DAC/MSFC l i a i s o n  t e a m .  

The major p o s t f l i g h t  e v a l u a t i o n  i s  conducted a t  DAC/HB and c o n s i s t s  

p r i m a r i l y  of ana lyses  from d i g i t a l  da t a .  
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A l l  analyses  conducted a t  DAC/FTC and DAC/HB are t r a n s m i t t e d  t o  t h e  

DAC/MSFC l i a i s o n  team. This  l i a i s o n  t e a m  t r a n s m i t s  information between 

Douglas and MSFC, p rov ides  the  MSFC F l i g h t  Evaluat ion Working Group 

(FEWG) wi th  r e q u i r e d  information,  and performs r a p i d  ana lyses  i n  response 

t o  FEWG r e q u e s t s .  I n  a d d i t i o n ,  t h e  l i a i s o n  team p a r t i c i p a t e s  i n  many of 

t he  MSFC p o s t f l i g h t  e v a l u a t i o n s  which c o n t r i b u t e  t o ,  o r  p a r a l l e l ,  Douglas 

p o s t f l i g h t  e v a l u a t i o n  e f f o r t s .  

6.2 P o s t f l i g h t  Communication 

The fol lowing means of communication ( f i g u r e  6-1) have been e s t a b l i s h e d  

t o  exped i t e  t r a n s m i t t a l  of e v a l u a t i o n  information:  

a. TWX communications between DAC/MSSD, DAC/MSFC, and DAC/FTC 

b. Facsimile  c o m u n i c a t i o n s  between DAC/MSSD, DAC/MSFC, and DAC/FTC 

c. Data phone l i n k  between DAC/MSFC and DAC/MSSD. 

Transmi t t a l  of c l a s s i f i e d  material  between Douglas f a c i l i t i e s  by any of 

t h e  above means i s  no t  authorized.  A s t anda rd  format i s  used f o r  t r a n s -  

mission of u n c l a s s i f i e d  d a t a  by TWX o r  f a c s i m i l e .  

To i n s u r e  r a p i d  and c o n t r o l l e d  d a t a  t r ansmiss ion  between l o c a t i o n s ,  i t  

i s  h igh ly  d e s i r a b l e  t h a t  a l l  information be channeled through one 

coord ina to r  of f l i g h t  information a t  each l o c a t i o n .  

6.3 Documentation 

Douglas p repa res  and pub l i shes  c e r t a i n  documents f o r  each S-IVB s t a g e  

f l i g h t .  The documents, l i s t e d  i n  t h e  approximate o r d e r  i n  which they 

w i l l  be  publ ished,  are as fo l lows :  

P r e f l i g h t  

a. Douglas Drawing 1B43557, Saturn S-IVB-204 Instrumentation 
Program and Components L i s t  ( r e f e r e n c e  7) 

b. Douglas Report No. SM-46538, Douglas S-IW3 Stage Data 
Acquisit ion Requirements Document for Saturn I B  FZights 
( r e f e r e n c e  8 )  

c. Douglas Report N o .  SM-46977, S-IVB-204 Stage Flight Tes t  P l a n ,  

( r e f e r e n c e  9) a 
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t 
P o s t f l i g h t  

~~ 

a. Quick-Look Assessment Report  (second morning fo l lowing  launch) 

b.  FTC Ground Systems Evalua t ion  Report  (10 days) 

c. FTC Pre l imina ry  F l i g h t  Evalua t ion  Summary (2 wk) 

d. Wr i t t en  Informal  Evalua t ion  Inpu t s  t o  MSFC/FEWG (21 days) 

e.  Douglas Report  No. SM-46989, S-ITB-204 Stage Flight EvaZuation 
Report. (60 days) ( r e f e r e n c e  10) .  

Desc r ip t ions  of t h e  con ten t s  are p resen ted  i n  t h e  fo l lowing  paragraphs .  

6 .3 .1  Saturn S-IVB-204 Instrumentation Program and Components L i s t  - 
ZB43557 ( r e f e r e n c e  7 )  

This  drawing con ta ins  a l l  t h e  t e l eme t ry  measurements of t h e  S-IVB-204 

s t a g e .  A p a r t i a l  l i s t  of i t s  con ten t s  i s  as fo l lows:  

a. Measurement numbers 

b. Component p a r t  numbers 

c. Reference des igna t ion  numbers 

d. Telemetry channel  coding d e f i n i t i o n s  

e. Measurement l i s t  

f .  Measurement ma t r ix  by area and f u n c t i o n  

g. Measurement l o c a t i o n s ,  i l l u s t r a t i o n s ,  and index. 

A l l  s e c t i o n s  of t h e  Ins t rumen ta t ion  Program and Components L i s t  are 

r e v i s e d  a s  necessa ry  t o  r e f l e c t  c u r r e n t  i n s t rumen ta t ion  informat ion .  

Revis ions are c o n t r o l l e d  by t h e  Sa turn  P r o j e c t  Of f i ce  - T e s t  a t  DACIMSSD. 

6.3.2 DougZas S-IVB Stage Data Acquisition Requirements Document for  

Saturn I B  Flights - SM-46538 ( r e f e r e n c e  8) 

This  document d e s c r i b e s  t h e  d e t a i l e d  d a t a  reques ted  by DACIMSSD f o r  

e v a l u a t i o n  of t h e  S-IVB s t a g e  of the  Sa tu rn  I B  f l i g h t s .  The reques ted  

d a t a  w i l l  be provided by KSC, Goddard Space F l i g h t  Center  (GSFC), and 

MSFC. 
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6.3.3 S-IVB-204 S tage  FZight  Tes t  P l a n ,  SM-46977B ( r e f e r e n c e  9) 

The con ten t s  of t h e  S-IVB-204 S tage  FZight  Tes t  Plan are desc r ibed  i n  

s e c t i o n  1, I n t r o d u c t i o n ,  of t h i s  document. This  document i s  prepared 

by t h e  DAC/MSSD TP&E Committee. 

b 
6.3.4 Quick-Look Assessment Report (Second Morning Following Launch) 

Approximately f o r t y - e i g h t  hours a f t e r  launch o r  as soon as s u f f i c i e n t  

d a t a  are a v a i l a b l e ,  t h e  DAC/FTC TP&E Committee w i l l  TWX t o  DAC/MSSD, 

DAC/MSFC, and DAC/Manned S p a c e c r a f t  Center, Houston, a quick-look evalua- 

t i o n  which w i l l  i nc lude  a b r i e f  d e s c r i p t i o n  of system performance, 

mission o b j e c t i v e  accomplishments , and any malfunct ion which may have 

occurred. This  w i l l  be f o r  i n t e r n a l  u se  only.  

6.3.5 

The DAC/FTC TP&E Committee w i l l  p r epa re  an e v a l u a t i o n  r e p o r t  of t h e  

performance of DAC/NASA-supplied GSE used i n  handl ing p r o p e l l a n t s  f o r  

t h e  S-IVB a u x i l i a r y  p ropu l s ion  system. This  r e p o r t  w i l l  be t r a n s m i t t e d  

t o  KSC. 

FTC Ground Systems Evaluat ion Report (10 days) 

6.3.6 FTC Pre l imina ry  F l i g h t  Evaluat ion Summary ( 2  wk) 

The DAC/FTC TP&E Committee w i l l  compile, p u b l i s h ,  and d i s t r i b u t e  t h e  

Prel iminary F l i g h t  Eva lua t ion  Summary f o r  i n t e r n a l  use only approximately 

2 weeks a f t e r  launch. It w i l l  be the  f i n a l  FTC e f f o r t  and w i l l  summarize 

tes t  o b j e c t i v e s ,  d i s c u s s  p o s s i b l e  causes of malfunct ions,  and recommend 

any c o r r e c t i v e  a c t i o n  r equ i r ed .  

6.3.7 Douglas Inpu t s  t o  MSFC/FEWG 

The DAC/MSFC l i a i s o n  t e a m  w i l l  summarize t h e  r e s u l t s  of t he  DAC/FTC 

f l i g h t  e v a l u a t i o n s  as they are completed during t h e  3 weeks subsequent 

t o  launch. These summaries, as they become a v a i l a b l e ,  w i l l  be i n p u t  t o  

t h e  FEWG and w i l l  c o n s t i t u t e . t h e  Douglas i n p u t  t o  the  MSFC Sa tu rn  Vehicle  

F l i g h t  Evaluat ion Report. 

I n  a d d i t i o n ,  Douglas w i l l  review i t s  p o r t i o n  of t h e  FEWG r e p o r t  t o  

ensu re  t h e  t e c h n i c a l  accuracy and adequacy of e v a l u a t i o n .  
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6.3.8 S-IVB-204 Stage FZight Evaluation Report (60 days) ( r e f e r e n c e  10) 

S i x t y  days a f t e r  launch t h e  DAC/MSSD TP&E Committee w i l l  w r i t e ,  p u b l i s h  

and d i s t r i b u t e  Douglas Report N o .  SM-46989, S-IVB-204 Stage FZight 
Evaluation Report. 
15 days a f t e r  launch, thereby al lowing 45 days f o r  p r e p a r a t i o n  of t h e  

r e p o r t .  T e n t a t i v e  e v a l u a t i o n  meetings and documentation schedules  are 

shown i n  t a b l e s  6-1 and 6-2. A f l i g h t  e v a l u a t i o n  r e p o r t  o u t l i n e  

d e l i n e a t i n g  the  r e spons ib l e  design technologies  i s  p re sen ted  i n  

t a b l e  6-3. 

The d a t a  f o r  e v a l u a t i o n  w i l l  be r e q u i r e d  a t  DAC/MSSD 
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TABLE 6-1 
TENTATIVE AS-204 FLIGHT EVALUATION MEETING SCHEDULE 

DAYS AFTER 
LAUNCH 

1 

5 

6 

13 

14 

15 

16  

20 

21 

EVENT SCHEDULED 

F.1 i g h t R e v i e w  Me e t i n  g 

F i r s t  "How-Goes-It" Meeting 

Second Evalua t ion  Meeting 

Second "How-Goes-It" Meeting 

Th i rd  Evalua t ion  Meeting 

Thi rd  "How-Goes-It" Meeting 

Fourth Evalua t ion  Meeting 

Fourth "How-Goes-It'' Meeting 

Summary Meeting 

MEETING 
LOCATION 

MS FC 

DAC /HB 

MS FC 

DAC /HB 

MS FC 

DAC /HB 

MS FC 

DAC /HB 

MS FC 

16  December 1967 
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TABLE 6-2 
EVALUATION AND DOCUMENTATION SCHEDULE FOR S-IVB-204 

STAGE FLIGHT EVALUATION REPORT 

DAYS AFTER 
LAUNCH 

0 

1 

6 

14 

15 

16  

21  

26 

40 

45 

47 

50 

5 3  

60 

EVENT 

Launch 

Support  FEWG F l i g h t  Review Meeting 

Support FEWG Second Evalua t ion  Meeting 

Support FEWG Third Evalua t ion  Meeting 

A l l  F i n a l  Data Due a t  A3 

Support FEWG Fourth Evalua t ion  Meeting 

Wr i t t en  Informal  Evaluat ion Inpu t s  t o  MSFC/FEWG 
Report Due; Support FEWG Meeting 

* F i r s t  Inputs  Due from Design Sec t ions  

* A l l  Final  Evaluat ion Inputs  Due f o r  60-Day Report 

Management R e v i e w  Copy t o  Reproduction 

Management R e v i e w  Copy D i s t r i b u t e d  

Management R e v i e w  Comments Due 

F i n a l  Report t o  Reproduction 

F i n a l  60-Day Evalua t ion  Report D i s t r i b u t e d  

*A d e t a i l e d  o u t l i n e  w i l l  be publ i shed  immediately a f t e r  launch,  i n d i c a t i n g  
when i n p u t s  are due dur ing  the 26-to-40 day per iod .  

16  December 1967 
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TABLE 6-3 (Sheet 1 of 5) 
S-IVB-204 STAGE FLIGHT EVALUATION REPORT OUTLINE 

S e c t i o n  Engineer ing 
S e c t i o n  

1. INTRODUCTION . . . . . . . . . . . . . .  S-IVB P r o j e c t  

2. SUMMARY . . . . . . . . . . . . . . . .  S-IVB P r o j e c t *  

3. TEST CONFIGURATION . . . . . . . . . . .  DAC/FTC TP&E Committee** 
and P ropu l s ion  3.1 Stage Configurat ion 

3.2 Stage Modif icat ions 

3.3 Ground Support  Equipment 
Modif icat ions 

4 .  SEQUENCE OF EVENTS . . . . . . . . . . .  E l e c t r o n i c s  and FD&C 

5. COUNTDOWN OPERATIONS 

5 . 1  Checkouts . . . . . . . . . . . .  Propuls ion 

5.2 Purges . . . . . . . . . . . . . .  Propuls ion 

5.3 P r o p e l l a n t  and Pneumatic 
Loading . . . . . . . . . . . . .  Propu l s ion  

5.4 Holds . . . . . . . . . . . . . .  Propuls ion 

5.5 Environmental Control  
Systems . . . . . . . . . . . . .  Structural /Mechanical  

5.6 Terminal Count . . . . . . . . . .  Propu l s ion  and E l e c t r o n i c s  

5.7 Launch Environment . . . . . . . .  S-IVB P r o j e c t  

6. CPIF . . . . . . . . . . . . . . . . . .  FD&C and S-IVB P r o j e c t  

7. TRAJECTORY . . . . . . . . . . . . . . .  FD&C 

P r e f l i g h t  P r e d i c t e d  T r a j e c t o r i e s  
7 . 1  Comparison Between Actual  and 

7.2 T r a j e c t o r y  Simulat ion Analysis  

8. MASS CHARACTERISTICS . . . . . . . . . .  Weight Control 

*Each Design Technology w i l l  summarize i t s  i n d i v i d u a l  areas. The S-IVB TP&E 
A s e p a r a t e  S e c t i o n  w i l l  i n s u r e  c o m p a t i b i l i t y  between t h e  v a r i o u s  ana lyses .  

anomaly summary w i l l  be developed by the TP&E Committee. 

nominal p r e s s u r e  swi t ch  s e t t i n g s ,  and nominal r e g u l a t o r  s e t t i n g s .  
S i g n i f i c a n t  mod i f i ca t ions  t o  t h e  s t a g e  s i n c e  acceptance f i r i n g  are l i s t e d ,  
i f  any. 

**Includes s e r i a l  numbers of s i g n i f i c a n t  s t a g e  end i t e m s ,  o r i f i c e  s i z e s ,  

16  December 1967 
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TABLE 6-3 (Sheet  2 of 5) 
S- In-204 STAGE FLIGHT EVALUATION REPORT OUTLINE 

Se c ti on 
Engineer ing 

Sec t ion  

9. ENGINE ANALYSES 

9 . 1  Engine Chilldown and 
Condi t ion ing  . . . . . . . . . . .  

9.2 Engine Performance . . . . . . . .  
10. SOLID ROCKET PERFORMANCE . . . . . . . .  

10.1 Ullage Rockets 

10.2 Ret rorockets  

11. O X I D I Z E R  SYSTEM . . . . . . . . . . . .  
11.1 LOX Tank P r e s s u r i z a t i o n  

11.2 LOX Chilldown 

11.3 LOX Supply 

12. FUEL SYSTEM . . . . . . . . . . . . . .  
12.1 Fuel  Tank P r e s s u r i z a t i o n  

12.2 LH2 Chilldown 

12.3 LH2 Supply 

13. AUXILIARY PROPULSION SYSTEM . . a . . - 
13.1 Sequence and Cont ro l  

13.2 Operat ion 

13.2.1 Oxid izer  Sys t e m  

13.2.2 Fuel  System 

13.2.3 Helium System 

13.3 Module No. 1 Performance 

13.4 Module No. 2 Performance 

14. PNEUMATIC CONTROL AND PURGE SYSTEMS a . 
14.1 Ambient Helium 

s UPP 1 Y  
14.2 Pneumatic Cont ro l  

14.3 S tage  Helium Purge 
System 

P-i-opulsion 

Propuls ion  and FD&C 

P ropu l s  i o n  

P ropul  s i o n  

Propuls ion  

P rop u 1 s i on 

16 D e c e m b e r  1967 
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TABLE 6-3 (Sheet  3 of 5) 
S-IVB-204 STAGE FLIGHT EVALUATION REPORT OUTLINE 

S e c t i on Engineer ing 
S e c t i o n  

15. PROPELLANT U T I L I Z A T I O N  . . . . . . . . .  
15.1 P r o p e l l a n t  Mass His to ry  

15.2 Closed Loop System Performance 

15.3 Subsystem Performance 

16. S-IBIS-IVB STAGE SEPARATION . . . . . .  
16.1 S tage  Sepa ra t ion  and Clearance 

Analysis  

16.2 Cont ro l  System Response t o  
Sepa ra t ion  T r a n s i e n t  

1 7 .  DATA A C Q U I S I T I O N  SYSTEM PERFORMANCE e . 
1 7 . 1  In s t rumen ta t ion  System Performance 

17.2 Telemetry System Performance 

18. ELECTRICAL SYSTEM PERFORMANCE . . . . .  
18.1 Control  System 

18.2 Elec t r ica l  Power System 

19. RANGE SAFETY SYSTEM 
PERFORMANCE . . . . . . . . . . . . . .  
1 9 . 1  C o n t r o l l e r s  

19.2 F i r i n g  Unit  Monitors 

19.3 CDR S i g n a l  S t r e n g t h  

20. FLIGHT CONTROL . . . . . . . . . . . . .  
20.1 General 

20.2 Cr i t i ca l  Parameters  During 

20.3 S losh ing  

20.4 Body Bending 

20.5 F l i g h t  Cont ro l  System 

20.6 APS System Simula t ion  

T r ans i en  t P e r  i o ds 

21. HYDRAULIC SYSTEM PERFORMANCE . . . . . .  
21.1 Hydraul ic  Systems Opera t ion  

21.2 Servo Systems Operat ion 

PU Analys is  Panel  

FD&C 

E l e c t r o n i c s  

E l e  c t r o n i c s  

E l e c t r o n i c s  

FD&C 

St ruc tura l /Mechanica l  

1 6  December 1967 
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TABLE 6-3 (Sheet 4 of 5) 
S-IVB-204 STAGE FLIGHT EVALUATION REPORT OUTLINE 

Sec t  i o n  

22. STAGE STRUCTURE AND ENVIRONMENT 

22.1 Explosive Ordnance Equipment . . .  
22.2 F l i g h t  Loads ( S t r a i n  

Analys is )  . . . . . . . . . . . .  
23. FORWARD SKIRT THERMOCONDLTIONING . e a . 
24. ACOUSTIC AND VIBRATION ENVIRONMENT . . e 

24.1 Data Acqu i s i t i on  and Reduction 

24.2 Vib ra t ion  Environment 

24.3 Acous t ic  Environment 

25. AERO/THERMODYNAMIC ENVIRONMENT . . . . .  
25.1 Aerodynamic Environments 

25.2 Thermodynamic Environments 

26. ORBITAL FLIGHT ANALYSES 

26.1 Summary . . . . . . . . . . . . .  
26.2 Sequence of Events  . a e . . a . . 
26.3 Vent Systems . . . . . . . . . . .  
26.4 Aux i l i a ry  Propuls ion  System e . . 
26.5 Vehic le  Motion and Forces  . . . .  
26.6 F l i g h t  Cont ro l  . . . . . . . . . .  
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TABLE 6-3 (Sheet 5 of 5) 
S-IVB-204 STAGE nIGHT EVALUATION REPORT OUTLINE 

Appendix Engineering 
Section 

1. Mass Characteristics (WS11) . . . . . . Weight Control 
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7 .  TECHNICAL PERFORMANCE CRITER,IA 

7 . 1  General 

Douglas A i r c r a f t  Company w i l l  b e  awarded a bonus i f  t h e  S-IVB-204 s t a g e  

s u c c e s s f u l l y  accomplishes t h e  assigned f l i g h t  mission. Conversely, 

Douglas w i l l  be  a s ses sed  a pena l ty  i f  t h e  S-IVB-204 s t a g e  f a i l s  t o  

accomplish t h e  assigned f l i g h t  mission because of inadequate  s t a g e  

performance e 

The S-IVB s t a g e  requirements are presented i n  t h e  Contract End Item 
Detail Specification, No. CP208004A ( r e f e r e n c e  11). 

7.2 F l i g h t  Mission Accomplishment 

A mission is  considered t o  be s u c c e s s f u l l y  accomplished i f  t h e  S-IVB-204 

s t a g e  d e l i v e r s  a c c e p t a b l e  valued End Conditions of F l i g h t  (ECF) o r ,  

i f  having received from t h e  lower s t a g e s  and/or I U  inadequate 

Precondi t ions of F l i g h t  (PCF), t h e  S-IVB s t a g e  performance i s  such t h a t  

t he  ECF would have been accomplished had the  PCF been adequate. 

Tables 7-1 and 7-2 p re sen t  t he  Con t rac to r ' s  p o s i t i o n  on PCF, ECF, and 

t h e i r  r e s p e c t i v e  al lowable to l e rances  a p p l i c a b l e  t o  i t s  S-IVB-204 

f l i g h t  mission. 

The f l i g h t  t i m e  which w i l l  be  used i n  c a l c u l a t i n g  and eva lua t ing  the  

PCF parameters w i l l  b e  t h e  t i m e  when t h e  instrument  u n i t  w i l l  have 

i s sued  t h e  command s i g n a l  f o r  t h e  S-IB t o  s e p a r a t e  from t h e  S-IVB-204 

s t a g e .  

ECF t r a j e c t o r y  parameters w i l l  be  t h e  t i m e  when t h e  S-IVB-204 s t a g e  

w i l l  have been i n j e c t e d  i n t o  o r b i t ,  which is de f ined  as t e n  seconds a f t e r  

t he  instrument  u n i t  command s i g n a l  (Guidance Cutoff Signal)  is i s sued  

f o r  S-IVB 5-2 engine c u t o f f .  

The f l i g h t  t i m e  which w i l l  b e  used i n  c a l c u l a t i n g  and eva lua t ing  

The ECF a t t i t u d e  c o n t r o l  parameters w i l l  be  eva lua ted  u n t i l  i s suance  

of t h e  F l i g h t  Control Computer S-IVB Burn Mode on "A" command which is  

programmed t o  occur a t  T i m e  Base 4 p l u s  8180.1 s e c ( r e f e r  t o  appendix 1). 
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The t o l e r a n c e s  on a t t i t u d e  c o n t r o l  ECF parameters  presented  i n  t a b l e  7-2 

are no t  l a r g e  enough t o  inc lude  expected t r a n s i e n t s  during both  S-IVB 

powered f l i g h t  and o r b i t .  The Cont rac tor  i s  r e l y i n g  on t h e  Language 

i n  paragraph 3.3.6 (h) of Exhib i t  "5" t o  Supplemental Agreement 1100 
of Contract  NAS7-101 t o  assist both  p a r t i e s  i n  reaching  a reasonable  

pos t  f l i g h t  i n c e n t i v e  eva lua t ion .  

I 

7.3 Payload Capab ili t y  

The c a p a b i l i t y  of t h e  S-IVB-206 s t a g e  t o  meet a s p e c i f i c a t i o n  payload 

w i l l  be  e s t a b l i s h e d  by engineer ing  a n a l y s i s ,  i n  accordance with the 

method set f o r t h  i n  Douglas Report No. SM-47263: Specif ication for 
the Calculation of PayZoad Capability Under the CPIF Eqhibit t o  
NAS7-202 ( r e fe rence  1 2 ) .  The p rov i s ions  of Exhib i t  J t o  Supplemental 

Agreement 1100 w i l l  apply i n  the event  of  any confl ic t  w i th  the 

p rov i s ions  of SM-47263. 

Payload Capab i l i t y  w i l l  be  d e l i v e r e d  t o  t h e  Cont rac t ing  O f f i c e  s t a t i n g  

s p e c i f i c a t i o n  payload c a p a b i l i t y  and p red ic t ed  payload c a p a b i l i t y  f o r  

t h e  S - I D - 2 0 4  s t a g e .  

Within 60 days a f te r  launch a C e r t i f i c a t e  of 

7-la 1 7  January 1968 
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7.4 Telemetry Performance Evaluat ion 

The measurements t o  be eva lua ted  f o r  t e c h n i c a l  performance i n c e n t i v e s  

are those l i s t e d  i n  t h e  Ins t rumen ta t ion  Program and Components L i s t  

(IPStCL) t h a t  are wholly on t h e  S-IVB-204 s t a g e  and which are o p e r a t i v e  

a t  t h e  t i m e  t h e  automatic  launch sequence i s  i n i t i a t e d .  

Measurements which ach ieve  t h e i r  intended purpose are scored as 

s u c c e s s f u l .  Measurements which do n o t  o b t a i n  v a l i d  d a t a  due t o  n o i s e  

from unknown sources  w i l l  b e  removed from t h e  t o t a l  number of measure- 

ments upon which t h e  t e l eme t ry  performance e v a l u a t i o n  i s  based. 

The IPSICL l i s ts  a t o t a l  of 515 measurements of which 13 are n o t  act ive 

dur ing  f l i g h t  and 5 are n o t  wholly on t h e  S-TVB s t a g e ,  l e a v i n g  a t o t a l  

of 497 measurements t o  b e  eva lua ted  f o r  t e c h n i c a l  p e r f o q a n c e  i n c e n t i v e s .  

The i n a c t i v e  measurements t h a t  w i l l  not  b e  evaluqted are l i s t e d  i n  t h e  

fol lowing t a b l e :  

Me as uremen t 
No. 

Measurement 
T i t l e  R e  as on 

KO 141 -4 11 
KO 14 2 -4 11 
KO143-404 
K0144-404 
KO145 -404 
KO 14 6 -4 0 4 
KO 14 7-40 4 
KO 14 8-404 
K0149-404 

KO 150 -40 4 

KO 1 6  9- 4 0 4 

K0152-404 

DO545-407 

Event - 
Event - 
Event - 
Event - 
Event - 
Event - 
Event - 
Event - 
Event - 

Event - 
Event - 

Event - 

P r e s s  - 

R/S  1 Pulse Sensor 

R/S  2 Pulse Sensor 

U / R  1 I g n i t i o n  Pu l se  Sensor 1 

U / R  1 I g n i t i o n  Pu l se  Sensor 2 

U / R  2 I g n i t i o n  Pu l se  Sensor 1 

U / R  2 I g n i t i o n  Pulse  Sensor 2 

U/R 3 IgniZion Pu l se  Sensor 1 

U / R  3 I g n i t i o n  P u l s e  Sensor 2 
U / R  J e t t i s o n  1 Pu l se  Sensor 

U / R  J e t t i s o n  2 Pu l se  Sensor 

EBW P u l s e  Sensor OFF 
I n d i c a t i o n  

Rate Gyro Wheel Speed OK 
I n d i c a t i o n s  1 

Thes e m e  as u re’me n t  s 
a r e  f o r  checkout 
only and are no t  
t r a n s m i t t e d  dur  i e  g 
f l i g h t  by t h e  
S-IVB-204 s t a g e  
T/M system. 

Rate Gyro is not 
i n s  t a1 1 ed 

This  measurement 
i s  l a n d l i n e  f o r  
prelaunch r equ i r e -  
ments and is not 
t r a n s m i t t e d  du r ing  
f l i g h t  by t h e  
S-IVB-204 stage 
T/M system. 
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The measurements n o t  wholly on t h e  S-IVB s t a g e  are t h e  fol lowing:  

Me as u r emen t 
No.  

Measurement 
T i t l e  Reason 

C03 75-402 

D0153-423 P r e s s  - Chamb Retro Rk t  Pos I V - I  

Temp - Heat Flux A f t  I n t e r s t a g e - 3  

Transmit ted by 
S-IB stage P r e s s  - Chamb Retro Rkt Pos 11-111 I D0154-421 

D0155-420 P r e s s  - Chamb Retro R k t  Pos 1-11 

D0156-422 P r e s s  - Chamb Retro Rkt Pos I I I - I V  

7.4.1 Performance Baseline Determination 

Douglas A i r c r a f t  Company w i l l  u t i l i z e  the fol lowing procedure t o  

e s t a b l i s h  t h e  o p e r a t i v e  and non-operative t e l eme t ry  measurements a t  t h e  

i n i t i a t i o n  of t h e  l a s t  automatic  sequence p r i o r  t o  l i f t o f f .  This informa- 

t i o n  w i l l  b e  used as t h e  b a s e l i n e  f o r  subsequent c a l c u l a t i o n  of t h e  

t e l eme t ry  performance i n c e n t i v e .  

P r i o r  t o  resuming t h e  count f o r  T -0 day, t h e  DAC/FTC P r o j e c t  Engineer 

w i l l  c o n t a c t  MSFC/S-IVB P r o j e c t  O f f i c e  t o  review t h e  i n o p e r a t i v e  measure- 

ments, t h e i r  f a i l u r e  mode, and t h e i r  e f f e c t  on launch and/or  mission. 

Cont inual  s u r v e i l l a n c e  f o r  i n o p e r a t i v e  measurements w i l l  b e  made by 

Con t rac to r  pe r sonne l  i n  t h e  blockhouse and t h e  C e n t r a l  In s t rumen ta t ion  

F a c i l i t y  (CIF) du r ing  T -0 day. MSFC w i l l  b e  p e r i o d i c a l l y  con tac t ed  by 

t h e  DAC/FTC P r o j e c t  Engineer up u n t i l  approximately T -15 min t o  r e p o r t  

any a d d i t i o n a l  i n o p e r a t i v e  measurements d e t e c t e d  e i t h e r  by t h e  Launch 

Control  Center o r  CIF personnel .  

p e r i o d i c a l l y  by d i a l i n g  up measurements i n  t h e  CIF. 

i n s t a n c e s  b e  a b l e  t o  v e r i f y  i n o p e r a t i v e  measurements by viewing t h e  

same d a t a  as i t  i s  be ing  t r a n s m i t t e d  t o  t h e  H u n t s v i l l e  Operat ions 

Support  Center (HOSC) from t h e  CIF. 

The Douglas S-IVB P r o j e c t  Engineer w i l l  d i c t a t e  a Memo of Agreement 

t o  document t h o s e  measurements which the Con t rac to r  d e c l a r e s  i n o p e r a t i v e  

p r i o r  t o  i n i t i a t i o n  of t h e  automatic  launch sequence. 

Measurement scans w i l l  b e  made 

MSFC w i l l  i n  most 

16 December 1967 

7-3 



DAC/MSFC and NASA/MSFC w i l l  have a cogn izan t  r e p r e s e n t a t i v e  i n  t h e  HOSC, 

and t h e s e  two r e p r e s e n t a t i v e s  w i l l  s i g n  t h e  Memo of Agreement a f t e r  

l i f t o f f .  

7.4.2 Performance Eva lua t ion  Period 

The expected d u r a t i o n  of t h e  t e l eme t ry  performance e v a l u a t i o n  w i l l  b e  as 

fol lows : 

a. Phase I 

From AS-204/LM-1 launch v e h i c l e  l i f t o f f  u n t i l  S-IVB s t a g e  

ECC +10 sec. 

b e  Phase I1 

I From AS-204/LM-1 launch v e h i c l e  l i f t o f f  u n t i l  i s suance  of t h e  

F l i g h t  Control  Computer S-IVB Burn Mode on "A" command which i s  

programmed t o  occur a t  T i m e  Base 4 p l u s  8180.1 sec. 

7 . 4 . 3  Command Requirements 

I n  o r d e r  t o  ensu re  t h e  r e q u i r e d  t r ansmiss ion  of d a t a  from t h e  S-IVB s t a g e  

t e l eme t ry  system, t h e  fo l lowing  commands must b e  r ece ived  from t h e  I U  as 

scheduled i n  t h e  sequence of even t s :  

S p e c i a l  c a l i b r a t i o n  r e l a y s  ON PCM t r a n s m i t t e r  ON 

S p e c i a l  c a l i b r a t i o n  r e l a y s  OFF PCM t r a n s m i t t e r  OFF 

Regular c a l i b r a t i o n  r e l a y s  ON 

Regular c a l i b r a t i o n  r e l a y s  OFF 

Slow reco rd  ON 

Slow reco rd  OFF 

FM t r a n s m i t t e r s  ON F a s t  r eco rd  ON 

FM t r a n s m i t t e r s  OFF 

FM SCO assemblies  ON 

F a s t  r eco rd  OFF 

Recorder playback ON 

FM SCO assemblies  OFF Recorder playback OFF 

SSB/FM t r a n s m i t t e r  ON 

SSB/FM t r a n s m i t t e r  OFF 

Emergency playback ON 

Emergency playback OFF 
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TABLE 7-1 
S-IVB-204 PCF AND ASSOCIATED TOLERANCES 

(S-IBIS-IVB Sepa ra t ion  S igna l )  

PARAMETER 

kRange 

*Crossrange (see n o t e  1) 

*A1 t i  tude 

Veloci ty  

Veloci ty  Vector 
D i rec t ion  (Pa th  Angle 
from l o c a l  h o r i z o n t a l )  

P i t c h  Rate 

P i t c h  A t t i t u d e  
(see n o t e  2) 

Yaw Rate 

Yaw A t t i t u d e  
( s e e  n o t e  3) 

Ro l l  Rate 

Ro l l  A t t i t u d e  

UNITS 

km 

km 

km 

mlsec 

deg 

deg/ sec 

deg 

deg 1 s ec 

deg 

deg 1 s  ec 

deg 

IOMINAL 

62 e 63 

-0 a 05 

63,49 

! ,369.8 

27.16 

0 

-59.46 

0 

-0.08 

0 

0 

TOLERANCES 

+lo.  17 
-5.17 

+5.57 - 
+2.91 
-4.01 

.+56.6 
-68.6 

+2.47 
-3.90 

+1 

+2 

- 
- 

+1 

+2 

- 
- 

+1 

- +5.8 

- 

EVALUATION 
INACCURACY * * 
- +O. 15 

- +O. 15 

- +O. 15 

- +1.5 

- +O. 04 

- +0.5 

+1 - 

- +0.5 

+1 - 

- +0.5 

+1 - 
* Ear th  Fixed 

** Assuming r a d a r  only t r a c k i n g  a v a i l a b l e  for t r a j e c t o r y  parameters 

TOTAL 
ENVELOPE 

+10 e 32 
-5 32 

- +5.72 

+3.06 
-4.16 

+58.1 
-70.1 

+2.51 
-3.94 

- +1.5 

- +3 

- +1.5 

- +3 

+1.5 - 
- +6.8 

NOTES: 1. Crossrange i s  measured l a t e r a l l y  a long a l i n e  normal t o  t h e  p l a n e  
con ta in ing  t h e  f l i g h t  azimuth v e c t o r ,  t h e  launch pad plumbline,  
and t h e  pad c e n t e r .  P o s i t i v e  i s  t o  t h e  r i g h t ,  looking along t h e  
azimuth d i r e c t i o n .  

2. P i t c h  a t t i t u d e  i s  measured n e g a t i v e l y  nose downrange from t h e  

3. Yaw a t t i t u d e  i s  measured p o s i t i v e  nose t o  t h e  r i g h t  i n  t h e  yaw 

launch ver t ical  i n  t h e  p i t c h  plane.  

p l ane  as seen  looking forward w i t h  p o s i t i o n  one down. 
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TABLE 7-2 
S-IVB-204 ECF AND ASSOCIATED TOLERANCES 

(GUIDANCE CUTOFF COMMAND +10 SEC) 

A. S-IVB T r a j e c t o r y  Parameters  

PARAMETER 

*Range 

Crossrange (Space 
Fixed)  

*A1 t i tude  

Ve loc i ty  Vector 
Magnitude 

V e l o c i t y  Vector  
D i r e c t i o n  (Pa th  
a n g l e  from l o c a l  
h o r i z o n t a l )  

UNITS 

km 

km 

km 

mlsec 

deg 

NOMINAL 

1,868.55 

146.12 

163.22 

7,828.6 

0.008 

B. S-IVB A t t i t u d e  Con t ro l  Parameters  

PARAMETER 

S-IVB Burn Phase 

A t t i t u d e  E r r o r s  

P i t c h  and Yaw Rates 

R o l l  Rate 

O r b i t a l  Phase 
(To T i m e  Base 4 +8,180.1 s e c )  

P i t c h  o r  Yaw Rates 

R o l l  R a t e  

*Earth f i x e d  

**Assuming r a d a r  on ly  t r a c k i n g  

TOLERANCES 

UNITS 

+82.99 
-87 e 48 

+4.89 
-5.04 

- +O. 60 

+3.2 
-3.1 

+O. 027 
-0.034 

deg 
d e g l  s e c 

deg I s  e c 

deg Isec 
deg / sec  

TOLERANCES 

+8.0 - 
- +2.5 

+l. 0 - 

+0.5 - 
- +1.0 

EVALUATION 
INACCURACY ** 

+0.75 - 

- +O. 75 

- 4-0.75 
- +3 ..o 

- +O. 05 

TOTAL 
ENVELOPE 

+83.Tb 
-88.23 

+5.64 
-5.79 

- +l. 35 

+6.2 
-6. I 

+0.077 
-0,084 

EVALUATION TOTAL 
INACCURACY I ENVELOPE 

- +1.0 

- +0.5 

- +0.5 

- 4-9.0 
- +3.0 
- +1.5 
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APPENDIX 1 

SEQUENCE OF EVENTS = 



1. SEQUENCE OF EVENTS 

This  appendix p r e s e n t s  t h e  p r e d i c t e d  AS-204/LM-1 f l i g h t  sequence of 

even t s  ( t a b l e  AP 1-1). Four t i m e  bases  are programmed t o  ach ieve  an 

optimum v e h i c l e  mission wi th  s u i t a b l e  s e q u e n t i a l  ope ra t ion  and t iming 

of f l i g h t  even t s .  D e f i n i t i o n s  of t h e  t i m e  bases  and symbols used are 

l i s t e d  i n  t a b l e  AP 10-1. 

The sequence of even t s  i s  based on t h e  Marshal l  Space  F l i g h t  Center 

sequence requirements  as i n d i c a t e d  i n  t h e  I n t e r f a c e  Control  Document 

( r e f e r e n c e  1 3 ) ,  Definition of Saturn SA-204 Flight Sequence Program. 
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APPENDIX 2 

MASS CHARACTERISTICS DATA (WS11) = 



2.  MASS CHARACTERISTICS DATA (WS11) 

This  appendix p r e s e n t s  two types of d i g i t a l  p r i n t o u t s  as computed by 

t h e  W S l l  Computer Program as fol lows:  

a. The mass breakdown ( t a b l e  AP 2-1) i s  an i temized l i s t i n g  of 

major components ( i n c l u d i n g  a l l  p r o p e l l a n t s ,  g a s e s ,  e t c . )  

l i s t i n g  mass, c e n t e r s  of g r a v i t y ,  and moments of i n e r t i a ,  and 

inc ludes  a summation f o r  t h e  i n d i c a t e d  t i m e .  A summary of 

items j e t t i s o n e d  i s  a l s o  p re sen ted  where app l i cab le .  

b.  The m a s s  c h a r a c t e r i s t i c s  summary ( t a b l e  AP 2-2) i s  a chrono- 

l o g i c a l  l i s t i n g  of t h e  S-IVB-204 f l i g h t  s t a g e  m a s s  charac- 

t e r i s t i c s .  These d a t a  were generated using a f l i g h t  sequence 

of even t s  which i s  p resen ted  i n  appendix 1 of t h i s  document. 

c. Figures  AP 2-2 and AP 2-3 p r e s e n t  graphs of S-IVB-204 f l i g h t  

s t a g e  mass c h a r a c t e r i s t i c s .  Supplementary information i s  

contained i n  t a b l e  AP 2-3 ( d e f i n i t i o n s  of terms and abbrevia- 

t i o n s )  and f i g u r e  AP 2-1, S-IVB-204 s t a g e  s t a t i o n  numbers. 

A l l  mass c h a r a c t e r i s t i c s  parameters  are t i m e  r e fe renced  from AS-204/LM-1 

v e h i c l e  l i f t o f f  and p rogres s  c h r o n o l o g i c a l l y  from l i f t o f f  t o  4.5 hours  

(16,200 sec )  of f l i g h t  t i m e .  

c u t o f f  t i m e  (598.21 s e c ) .  

Data i s  a l s o  p re sen ted  a t  p r e d i c t e d  guidance 

The sources  of t h e  mass c h a r a c t e r i s t i c s  d a t a  p re sen ted  i n  t h e  W S l l  

computer program are as fo l lows :  

a. S-IVB-204 s t a g e  dry m a s s  i s  based on t h e  s t a g e  weight measured 

a t  DAC/STC on J u l y  8, 1966. 

b. The S-IVB-204 payload (IU, a d a p t e r ,  l una r  module, and nose 

cone) d a t a  are as p resen ted  i n  AS-204 Final Predicted Mass 
Characteristics, Guidance Cutoff, ( r e f e r e n c e  14) . 

c. S-IVB-204 p r o p e l l a n t  l oad ing  is  as p resen ted  i n  appendix 6 

of t h i s  document 
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d.  P r o p e l l a n t  mass f lows are based on t h o s e  found i n  appendix 5 

of t h i s  document. 

e. The v e h i c l e  coord ina te  system used conforms t o  s t anda rd  

coord ina te  system 9 ,  mass p r o p e r t i e s ,  as presented i n  

document SE008-001-1, Project ApoZZo Coordinate System 
Standards ( r e f e r e n c e  15) a 

Figures  AP 2-4 t h r u  AP 2-7 p re sen t  t h e  f i n a l  p r e d i c t e d  t h r e e  sigma mass 

c h a r a c t e r i s t i c s  d i s p e r s i o n s  f o r  t h e  Saturn I B  AS-204/LM-1 second f l i g h t  

s t a g e  du r ing  S-IVB powered f l i g h t .  

The d i s p e r s i o n s  are  r e fe renced  r e l a t i v e  t o  t i m e  from Sa tu rn  I B  l i f t o f f ,  

r a t h e r  t han  even t .  It i s  assumed t h a t  t h e  lower s t a g e  performs nominally.  

1 6  December 1967 
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TABLE AP 2-1 (Sheet 1 of 10) 
S-IVB-204 PREDICTED MASS BREAKDOWN SUMMARY 

1. 
2. 
3 .  
6 .  
7. 

57. 
58. 

AFT F R A H E  
OETUNATlt lN PKG 
FRTlST 
ULLAGE HKT GRN 
IJLLAGt  RKT C S t  
' IUS€ CnNF 
SLA P I %  

-2.4 
0.0 
0.0 

10.0 

0.0 
0.0  
0.0 

9.9 

-64.8 
0.0 

-75.6 
20.0 
140.0 

o.n 

14.6  

140.0 

9.3 

0.n 

-0.4 
- 

.25273742 09 

.oooooooo no 
.oooonooo on 
. i8720000 04  

. i3049182 06 

.onoooono 00 
,onooonoo 00 

.22718616 05 

,44993827 05  
.12082576 OS 
.0000O000 OD 
. O O O O O Q O O  on 
.28885500 05 

.oooor)oon nrr 

.ooonoooo 00 

. 2 8 8 8 5 5 0 0  0 5  

-435482'39 0 5  

.66116800 Oh 

.48300301 0 9  

S L F  
. i 0 4 ~ 5 ~ 4 n  O b  

6 .  
7.  

57.  
5 8 .  
61. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
ao.  
~ i .  
82. 
03. 
94. 
85. 

ULLACE KKI GPN 
1JLLAC.E R K 7  CFE 
NOSE CnNF 
SLA R l N G  
LUNAR YUPULE 
IYSTRUNNT U N I T  
SLA-AUAPTER 
S4R n R V  STAC,E 
LUX TNK {ILLAGE 
LIIX 1 N  TANV 
LUX I N  PCIKTS 
LUX I N  L I N F S  
LUX I N  E Y L I N F  
L H Z  TNK IJLLACE 
L n 7  IN T A W  
Lt l7  IN L l N t S  
I Y ?  I N  tb"lrlN€ 
C C l L n  nF OUAD 1 
COLD HE OUAn 2 

166. 14 
214.46 

1067.00 

31325.00 
4600.00 

7 3 4 5 2 . 6 1  

91 .on 

3859.0~1 

37.00 
1929n6.0o 

13.00 
746.00 
108.00 
163.00 

37392.00 
3e.00 
in.00 

165.0@ 
165.00 
6 5 . 5 0  
6 5 . 5 0  

3.00 

5.00 
10.00 

43.00 

296270.80 

275.80 
222.00 

1094.70 

797.10 
h99.00 

430.7R 

i n r 7 . a n  

~48.00 

3 1 8 . 3 3  
241.81  
155.00 
116.80 

71.00 
618 .52  
435.77 
187.91 

72.00 
494.3'1 
494.30 
248.00 
248.00 
246.20 

R6.40  
127.20 

6 6 ~ . 7 n  

350.73 

5-18 LIFTOFF 

H. ARkl L.ARF: V ,  ARM PITCH 

.36R171R8 Oh 

.56636723 0 5  
,14472090 0 7  
,17861443 0 7  
.19653613 0 7  
. 2 ~ 1 7 4 3 8 4  .26831258 0 7  Ob 

YAW 

.36812188 16 

.56636723 05  

. 1 4 4 7 2 m n  0 7  

. lqb53h13 0 7  

.17861443 0 7  

,28840584 0 7  
.2h83175R 06 
. I0617823 0 9  
. 3 w n o ~ i 4  e8 
.61766n59 08  
. In038531 10 
.o0onnnnn no 
,000nonoo on 

.27718hlh  05 

. 6 0 2 5 3 6 7 4  n5 

.ononrmoo 00 

.12L92R53 09 

.375R0000 03 

.4R051516 0 5  

.55790439 04  

.I5168489 nb 

. I5168489 Ob 

.?3645500 0 5  

.25Y6609? 0 5  

.31193732 Q6 

.2?645500 n5 

.orononoo 00 

.oirunuooo n o  

311.95 
4.74 

100.00 
176.00 
21b.46 

1067.00 
91.00 

31 325. on 
kbon.00 
3859.00 

23452.61 
77.90 

19 z 9 ob. no 
13.00 

24h.00 
10n.00 
163.L10 

37392.00 
36.00 
l1).00 

1 4 5 . 0 0  
lh5 .00  

6 5 . 5 0  
h5.50 

3.00 
30.00 

5 .00 
43.00 

200.70 
201.00 
420.40 
225.an 
222.0') 
09 4.7n 

.n47.8n 
797.1n 

~ 4 8 . 0 n  
699.00 

330.70 
318.33 
241.81 
1 5 5 e 0 0  
136.80 

71.0P 
618.52  
435.77 
187.91 

72.00 
494.30 
494.30 
248.00 
z48.on 

127 .20  
7 4 6 . 2 0  

88.40 
662, 7 5  

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
1.2 ' 

2.9  
3.8 
6.4 

0.0 
-25.0 

6.4 
0.0 
0.0 
0.0 

-59.9 
0.0 

86.3  

- 3 . 6  
3 . 6  
0.0 

14.2 
-22.4 

0.4 

0.0 

113.8 

0.0 

0.0 
0.0 
0.0 
0.0 

-0.7 
0.0 
o.n 

,52064367 Ob 
.EO105998 05  

1 .3543367R 0 7  
.39317294 0 7  
.35881503 0 7  

. i6926009 0 7  

. 5 3 b m o o h  nb 
0.2 1 .92770126 09 

- 8 . 5  .69627351 08 
-1.9 .44366708 08 

.1fl4ofl102 09 

.37033531 08 

.62124799 08 

. lo055035 1 0  

.ooiin0ono on 

.nnoonono no 

.2925nono 04 

.?2718616 05  

.hn253674 05  
.l)oOno000 00 
.1ZL92853 0 9  
.4R1,51516 0 5  
.557917439 04 
.151hR489 06 
.151hR4R9 0 6  
.23b455no 0 5  
.?3h45500 0 5  
. o o r ~ e o n o  o(' 
.59UCl906 05  
.oonnoono no 
.331Y7'432 06 

-12353943 11  0 . 8  296375.76 350.73 

5-IB/S-IVB SEPARATION COMPLETED TIME 143.523 ITEMS JETTISWEO 

P T T C l l  

.16971373 0 7  

. lYh57613 0 7  
-29174384 07 
.ZbHjlZSfl 06 

Y A W  

,16971373 07 
.19653613 07 

0.0 
-0.7 

0.0 
0 .2  

-0 .5  
-1.9 
-2.4 

0.0 

0.0 
0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64.8 

-75.6 
20.0 

140.0 
140.0 
0.0 
9 . 3  

14.6 
0 .@ 

-0.4 

0.0 

- 
- 

.33568750 0 7  

.39317294 07 
,35881503 0 7  
.53660006 0 6  
.92770126 n8 
.69627351 @ H  
.443667Ofl 0 8  
.25273742 09 
.00000000 ou 
.0000000@ 00 
,1872nooo 04 
, 2 2 7 i 8 6 i h  0 5  

.ooooooon 00 

.onoonouo 00 

.13049182 O h  

,44993427 0 5  

0.0 
0.4 
0.0 

1.2 
2.9 
3.8 
6.4 
0.0 
0.0 

-25.0 
6 . 4  
n.n 
0.0 
0.0 

-59.9 
0.0 

86.3  
113.8 
- 3 . 6  

3.6 

14.2 
-22.4 
0.0 

0.8 

0.0 

0.0 

.2P840584 3 7  

.2hfl31258 O b  
.10400102 0 9  . 47633531 O R  

.00000000 00 

.:2297853 0 9  

.48051516 05 

.uoononon no 

.17292R53 09 

.4R05151b 05  
.12082576 05  
.onnooooo no 

.5579n439 04 

.!5168489 06 

. 1 5 l h 8 4 8 9  O b  

.23h45500 05 
.zw '+55no 05  
.nouononu 00 

. o o c ' ~ n n n ~ '  00 

.5906090b 05  

.33193332 Ob 

.55790439 04 
,15168489 06 
.151684&9 06 
. 2 ~ 6 4 5 5 9 0  05 
-27645500 05 
. on~oonoo  00 
.25966n92 n5  
.onoooono 00 
.3?193732 n b  

.ooooooon 00 

.288855on 0 5  

.28885500 05  

.00000000 00 

.43548299 05  

.oooonooo 00 

.6h1168OO 06 

a48052304 0 9  -12350544 1 1  

SLF 
.10371613 06 

SLF 
,266hh966 0 7  
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TABLE AP 2-1 (Sheet 2 of 10) 
S-IVB-204 PREDICTED MASS BREAKDOWN SUMMARY 

H. ARM 

225.80 

1094.70 
1047.80 

222.0n 

797.10 
699.00 
848.00 
330.78 
318.33 
241.81 
155.00 
136.80 
71.00 

618.52 
435.77 
187.91 
72.00 

494.30 
494.30 
248.00 
248.00 
246.20 
127.20 
88.40 

662.70 

350.76 

L.ARH 

0.0 

0.0 
0.0 

0.4 

1.2 
2.9 
3.8 
6.4 
0.0 
0.0 

-25.0 
6.4 
0 . 0  
0.0 
0.0 

-59.9 
0.0 

86.3 
113.8 
-3.6 
3.6 
0.0 
14.2 

-22.4 
0.0 

0.8 

SEO 

6 .  
7. 
57. 
58. 

72. 
73. 
74. 

76. 

78. 
79. 
8 0 .  
8 1 .  
82. 
8 3 .  
84. 

86. 

8 8 .  
89. 
90. 
91. 

61. 

75. 

77. 

85. 

67. 

OESCHIPTIflN 

ULLAGE RKT GRN 
ULLAGE RKT CSE 
HOSE CONE 
SLA RING 

INSTRUMNT U N I T  
SLA-AOAPTkR 
548 ORY S T A G E  

LOX I N  TANK 

LOX I N  L I N E S  
LOX I N  t N L I N E  
LHZ TNK ULLAG 
LH2 I N  TANK 
LHZ I N  L I N E S  
LH2 I N  E N b I N t  
COLD HE OUAn 

APS PRnP FP 1 

APS HELILJH 
SERVlCE I T E M S  
G H 2  I N  S T H T  TK 
ENV CON1 FLLl lO 

TOTAL RCNAINING 

LUNAR HOnuLt  

L O X  TNK ULLAGE 

LUX IN P n w s  

COLD HE OUAO 

A P S  PRrw F P  3 

L.ARM 

0.0 
0.4 
0.0 
0.0 
1.2 

3.8 
6.4 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

-59.9 
0.0 

86.3 
113.8 
-3*6 
3.6 
0.0 
14.2 

-22.4 
0,o 

0.8 

2.9 

0.0 

V,ARM 

0.0 
-0+7 
0.0 
0.0 
0.2 

-1.9 
-2.4 
0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

-75.6 
20.0 

-140.0 
140.0 
0.0 
9.3 
14.6 
0.0 

-0e4 

- 8 . 5  

0.0 

S-IVB ENGINE START C W D  TIME 144.840 ITEMS REMAINING 

MASS 

I PCIIJNOS) 

105.74 
214.46 
1067.00 
91.00 

31325.00 
4600.00 
3859.00 

23452.61 
37.00 

192906 .00 
13.00 

246.00 
108.00 
163.00 

37392 .OO 
38.00 
10.00 

165.00 
165.00 
65.50 
65.50 
3.00 
30.00 
5.00 

43.00 

296169 .81 

ViARM 

0.0 
-0.7 
0.0 
0.0 
0.2 

-8.5 
-1.9 
-2.4 
0.0 
0.0 
10.0 
9.9 
0.0 
010 
0.0 

-64.8 
0.0 

-75 6 
20.0 

,140.0 
140.0 
0.0 
9.3 
14.6 
0.0 

ROLL 

.21288197 07 
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e53660006 06 
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,44366108 08 
.25273742 n9 
.ooooooon 00 
,00000000 00 
.18720000 04 
,22718616 05 
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,44993827 05 
,12082576 05 
,00000000 00 
.oooooooo 00 
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.oooooooo 00 
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P I T C H  
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YAVJ 
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.ooonoo3o 00 

.25966092 05 

.ononno00 no 
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S L F  
,10345105 06 

S L F  
,26663574 07 

S-IVB 90% THRUST ITEMS REMINING TIME 148.140 

M A S S  

( POiJNDS ) 

STATIRNI INCHES)  

t4. ARM S E O  

6. 
7. 
57 t 
58. 
61 9 

72. 
73. 
74 * 
75. 
76. 
77. 
78 I 
7 9 .  
80. 
81. 
82. 
83. 

- DESCR I P T  I I l N  P I T C H  

.38713636-00 
,196’3613 07 
.29174384 07 

.10400102 09 
,37633531 0 8  
.62224799 08 
.IO055035 10 

.26831258 06 

.ooooonoo 00 

.nooooooo on 

,76990810 05 
.OOOOOOOO on 

.29250000 04 
,22718616 05 

.12132327 09 

.48051516 05 

.11158090 05 

.15117124 Ob 

.15117124 Ob 

.23638951 05 
,23638951 05 
.oooooooo 00 
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.00000000 00 
.33193332 06 

ROLL 
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.39317294 07 
,35881503 07 
.53660006 Ob 
.92770126 08 
.69627351 08 
,44366708 08 
-25273742 09 
.oooooooo 00 
.oooonooo 00 
.1872OQ00 04 
,22718616 05 
.I6673955 Ob 
.oooooooo 00 
.oooonooo 00 
-44993827 05 
.24165155 05 
.oooooooo 00 
.oooooooo 00 
.28877500 05 
*28897500 05 
.oooooooo 00 
,43548299 05 

.66116800 Ob 

.ooooooon 00 

YAW 

.3R713636-00 

,28840584 07 
,26831758 Ob 

,19653613 07 

.in617823 09 

.33000814 ne 

.in038531 io 

.onooonoo no 

.onooonoo 00 

,27718616 n5 

.ooooonoo no 

.ii158090 0 5  

,61766059 0 8  

.32500000 03 

.7hY90810 05 

,12132327 09 
e48051516 05 

,15117124 06 
.I5117124 06 
,27638951 05 
,23638’251 05 
.on0oonoo no 
.25966092 05 
.00000000 00 
.33193332 06 

ULLAGE R K T  GRN 
ULLAGE R K T  CSE 
IJUSE CnNF 
SLA RING 

INSTRUMNT U N I T  
SLA-ADAPTkR 
S4R DRY SlAGE 
LOX TNK I ILLAGt 
LOX IN TANK 
LOX IN PRHTS 
LOX I N  L I N E S  
LOX IN LNGINE 

LH2 I N  TANK 
LHZ I N  L I N E S  
LHZ I N  t N G l N E  

LUNAR HUOULE 

LH2 TNK ULLACF 

84. COLD HE QUAD 1 
85. COLD H E  QUAfl 2 
8 6 .  I APS PROP F P  1 

0.00 
214.46 
1067.00 
91.00 

31325.00 
4 600.00 
3859.00 

23452.61 
39.41 

197532.79 
13.00 

246.00 

165.32 
37288.89 

38.00 
20.00 
164.44 
164.44 
65.48 
65.48 
3.00 

30.00 
1.00 

43.00 

i3a.00 

225.8n 
222.00 
1094.70 
1047.80 
797. in 
699.00 
848.00 
330.78 
318.00 
241.68 
155.00 
136.80 
71.00 

618.01 
435.37 
187.91 
72.00 

494.30 
494.30 
248.00 
248.00 

127.20 
88.40 

662.70 

246.20 
87. 
88 * 
89 

91. 
90. 

APS PROP F P  3 
APS H E L I l l H  
SERVICE I l E M S  
GH2 I N  STRT TK 
ENV CON1 F L l i I l l  

I TOTAL RCHAININC 295627.31 350.74 e69719562 09 .12349982 1 1  ,12345552 11 

S L F  
.10299794 06 

SLF 
r26656211 07 

SLF 
.2664b649 07 

? 
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TABLE AP 2-1 (Sheet  3 of 10)  
S-IVB-204 PREDICTED MASS BREAKDOWN SUMMARY 

hAS5 S T A T I U N ( 1 N C H t S )  

<EO O F S C K I P T I r l N  ( P O I I N C S )  H. A R Y  L,ARM V.ARM 

6. I ILLAGt  R U T  G R V  0.00 225.80 0.0 0.0 
7, ' ILLACk KKT CSE 214 .46  227.00 0.4 -0.7 

TOTAL J t T  I ISIINFD 214 .46  222.0'7 0.4 -0.7 

MOI  ( ~ n i i t d n  I N c t i E s  S O U A R F )  

R'ILL P I T C H  Y A W  

- 7 6 8 0 0 4 2 9  On . 3 8 7 1 3 6 3 6 - 0 0  . 3 R 7 1 3 6 3 6 - 0 0  
. 3 9 3 1 7 2 9 4  07 , 1 9 6 5 3 6 1 3  0 7  . i q 6 5 3 6 1 3  0 7  

. 3 9 3 1 7 3 0 2  0 7  . I 9 6 5 3 6 2 0  0 7  , 1 9 6 5 3 6 2 0  177 

SLF 
, 8 4 8 6 2 4 9 2  0 3  

TIME 155.440 ITEMS R E W I N I N G  

S L F  5 1. F 
.424?;1386 03  , 4 2 4 2 0 3 8 6  n3 

S U W Y  PRINTOUT J----zz V.ARM 

0.0 
0.0 
0.2 

-8.5 
-1 .9 
- 2 . 4  

0.0 
0.0 
k0.0 

9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

-75.6 

S T A T I O N (  I N C H E S )  1 M i l l  (P I I I IYL l  I N C H F S  SQiJARt) 

ROLL 

. j 5 8 8 1 5 0 3  07  
, 5 3 6 6 0 0 0 6  0 6  
. 9 2 7 7 0 1 2 6  08 
- 6 9 6 2 7 3 5 1  08 
e 4 4 3 6 6 7 0 8  08 
. 2 5 2 7 3 7 4 2  0 9  
.00000000 00  
.000000@0 00 
. 1 8 7 2 0 0 0 0  04 
. 2 2 7 1 8 6 1 6  0 5  
. 1 6 6 7 3 9 5 4  0 4  
.oooonooo 00 
.oooooono nc 
, 4 4 9 9 3 8 2 7  0 5  
, 2 4 1 6 5 1 5 1  0 5  
.oooooooo 0 0  

M A S S  

L P r y i N n s )  

1C67.00 
91 .no 

3 1 3 2 5 . 0 0  
4600 .00  
31759 -00 

7 3 4 5 2 . 6 1  
44 .74  

1 0 7 6 4 7 . 1 9  
13.00 

246 .00  
138 .00  
170 .46  

3 6 7 3 0 .  I2 
3R.00  
211.00 

1 6 3 . 2 1  
1 6 3 . 2 1  

h5 .44  
65 .44  

3.00 
30. on 

1 .88 
43 .00  

7 9 1 9 7 2 . 8 8  

57. 
58. 
0 1 .  
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
a0. 
R 1 .  
62. 
4 3 .  
84. 
as.  
8 6 .  
d l .  
R R .  
qY. 
90. 
9 1 .  

YAW 

'ICISE CONF 
SLA U f Y L  
LUNAR WUPULF 
I N S T R U Y N T  l l N I T  
S L A - A D A P T t R  
5 4 8  PKY STAGE 
LOX TNK U L L A G E  
LUX I N  TANK 
L O X  I N  P I I R T S  
LClX I N  L I N t S  
LOX I N  t" lG1NF 
LH7 TNK ~ J L L A G E  
LH2 TN TANK 
LY2 I N  L I N k S  
LH2 I N  t Y G I N F  
c u i  D HE r x m  1 
C O I  n HE om11 z 
~ P S  r K w  F P  I 
APS PKClP F P  3 
A P S  I l E L l l l M  
S E G V I C F  I1EyC. 
GHZ IN S T R T  T K  

F Y V  c n N i  t L : I I n  

fC1TAl R t * ' A I " l f V T ,  

P I T C H  

. 291743R4 0 7  

. 2 6 8 3 1 2 5 p  Ob 

. i o 4 c n i 0 2  0 9  
, 3 7 6 3 3 5 3 1  O R  
, 6 2 7 2 4 7 9 9  0 8  
. l o 0 5 5 0 3 5  1Q 
. o o n o ~ o n 0  on 
.ooonr)nno oc 
. 7 9 ~ 5 m . m o  0 4  

.nooonooo 00 

. i i 2 7 ~ 8 n o  0 9  

. i i i 5 ~ ~ 0 8 e  05  

. 1 5 n o 3 4 9 r  06 

. I 5 3 0 3 4 9 7  06 

. l j b ? 4 4 6 5  05 

. 7 3 6 7 4 4 6 5  0 5  

. o o o o o o n n  00 . 5'311h(1906 0 5  

.oooonooo on 

. 3 3 1 9 2 3 3 2  0 6  

, 7 2 7 1 8 6 1 6  0 5  
.76 '39 f )805 0 5  

. 4 9 0 5 1 5 1 4  0 5  

20.0 
. i 4 o . n  

0.0 

14.6 

140.0 

9.3 

0.0 

L.ARP 

0.0 
0.0 
1.2 
2.9 
3.8 
6.4 
0.0 
0.0 

-25 .0  
6.4 
0.0 
0,o 
0.0 

-59 .9  
0.0 

8 6 . 3  
113.8 

-3.6 
3.6 
0.0 

-22 .4  
0.0 

0.8 

14.2 

.onoooooo 00 

. 2 8 8 5 9 8 0 3  05  

.ooooooon 00 

.ooooooon 00 

, 2 8 8 5 9 8 0 3  05 

. 4 3 5 4 0 2 9 9  0 5  

. 6 6 1 1 6 8 0 0  O b  

U. A K Y  

1 0 9 4 * 7 q  
1047 .80  

797.  10 

848 900 

315.62 
240.65 
155.00 
136.81) 

7 1  .OD 
h 15 .3n  
433.24 
1R7.91 

694 .30  
494.  3(1 
24R.OO 
248 .00  
746 .2q  
177 .20  

88 .40  
562.70 

699.011 

330.7R 

72 .on 

350.82 

.2R840584  0 7  

. Z h 8 3 1 2 5 ~  C6 

. i n b i 7 ~ ~ 3  n 9  

.33000R14  0 8  

. 6 1 7 6 6 f l 5 9  08 

. l o 0 3 8 5 3 1  10  

.ooon~oon 00 

.onononon no 

. 3 ? 5 n o o o o  0 3  

. 2 2 7 1 ~ h l h  0 5  

. 7 6 9 9 0 8 0 5  n5 

.ooooonoo no 

. i i i 5 8 0 8 ~ 1  05  

,15003497  0 6  

. o ~ o o o o o o  00 
. 2 6 9 6 6 n 9 2  05  
.of>ononoo no 

,11279RC)O 0 9  
. 4 4 0 5 1 5 1 6  6 5  

1 5 0 0 3 4 9 7  06 

. 2 3 6 2 4 4 6 5  05 

. 2 3 6 2 4 4 6 5  0 5  

,33103332 06 

. 1 ? 3 2 2 7 6 6  11 -0.4 I . 4 7 3 2 2 7 6 8  0 9  I . 1 2 3 2 7 2 1 4  11 

51f 
. 2 6 5 9 7 4 6 8  0 7  

T I E  200.00 ITEMS REMAINING SUPWIRY PRINTOUT - 

F E P  

57. 
58.  
b l .  
72. 
73. 
74. 
' 5 .  
76. 
17. 
78. 
'19 a 

R l .  
R2. 
R3. 
q4. 
8 5 .  
P6. 
37. 
RE. 
09. 
"0. 
91. 

- 

ao. 

- 
__. 

M A S S  

( p i i i i ~ n s )  

1 0 6 7  .OO 
9 1  .oo 

3 1325.00 
4 6Ol1.00 
3859.00 

2 3 4 5 7 . 6 1  
77.27 

169780 .70  
13.00 

246.00 
13R.00 
201.81 

3 3 1  34.32 
38.00 
?:i.00 

155 .66  
155.66 

65.20 
h 5 . 2 0  

3.0@ 
3P.00 

7.00 
43.00 

P I T C H  VAbi V.ARM 

0.0 
0.0 
0.2 

-8.5 

-2.4 
0.0 
0.0 

10,o 
9.9 
0.0 

0.0 
-64. R 

0.0 
-75 .  6 

-1.9 

o.n 

ROLL 

. 3 5 8 8 1 5 0 3  0 7  
- 5 3 6 6 0 0 0 6  0 6  

. 6 9 b 2 7 3 5 1  00 

, 2 5 2 7 3 7 4 2  0 9  

. 9 2 7 7 0 1 2 6  08 

. 4 4 3 6 6 7 0 8  OR 

.onoooooo 00 

.onovoooo 00 

. i 8 7 2 o n o n  0 4  

. 2 2 7 1 8 6 1 6  0 5  

. 1 6 6 7 3 9 5 4  O b  

.oooooooo 00 

.00000000 00 

. 4 4 9 9 3 8 2 7  05 

. 2 4 1 6 5 1 5 1  0 5  

.00000000 00 

H. ARM 

1094.70 
I 047.  0 

wq.on 
797.10 

648 .00  
330.78 
302.88 
234.06 

136.8'l 
71.00 

599 .15  
4 19.44 
1P7 .91  

72.00 

494.30 
248 .00  

246.20 
127.20 

155.00 

494.30 

24a.00 

88.40 
662.70 

351 .99  

L.ARY 

0.0 
0.0 
1.2 

3.8 
6 .4  
0.0 
0,O 

-25.0 
6 * 4  
0,o 
0.0 
0.0 

-59.9 
0.0 

06.3 
113 .8  
-3.6 

3 . 6  
0,0 

14.2 
-22.4 

0.0 

2.9 

0.9 

. 2 9 1 7 4 3 8 4  0 7  

. 1 3 4 0 0 1 0 2  0 9  . J 7 b 3 3 5 3 1  08 

. 6 2 2 2 4 7 9 9  98 

. I 3 0 5 5 0 3 5  1 0  

. n o o n n n n o  00 

. o o ( i n n n 3 f l  on 

.79,?5nooo 0 4  

. 7 2 7 1 4 h l h  0 5  

.7699f lRn5 0 5  

.000nf'000 00 

. 1 4 2 4 V 2 2  0 9  

. 4 @ 0 5 1 5 1 6  0 5  

.1115RO86 05 

. lL t '309910 0 6  

. 1 4 3 o w i n  Oh 

. 2 3 5 3 h 0 3 9  0 5  

. 2 3 5 3 6 0 3 9  05 

.oonooooo 00 
, 5 9 0 6 0 9 0 6  0 5  

.?68?.125a 06 
. 2 n 8 4 0 5 8 4  07  
.2683125R 0 6  
. 1 n 6 1 7 ~ 2 3  ny 
.33000R14  98 
, 6 1 7 6 6 n 5 9  08, 
. 1 ( r 0 3 8 5 3 1  10 
.oooronoo no 
.ooooonoo no 
. 3 ~ 5 n o o o n  03 
. 2 7 7 1 8 6 1 6  05 
.7h990R05  0 5  
.or~000!)00 no 
, 1 6 2 4 9 7 2 2  C9 
. 4 ~ 0 5 1 5 1 6  05  
. i i i 5 a ~ 8 ~  0 5  
. i 4 3 n 9 ~ i o  P 6  

, 2 3 5 3 6 0 3 9  0 5  
,23536039  0 5  
.000n0000 00 
.259h6092  0 5  

, 1 4 3 0 9 9 1 0  06 

4OSE C 3 N E  
$ L A  R I N G  
LUtlAP MUDULE 
I N S T R U M N T  U N I T  
SLA-ADAPTER 
S4B 0 R V  STAGE 
LUX TNK IILLAGE 
LUX I N  IAl*K 

LOY I N  L I N E S  
LOX I N  t N G I N F  
LHZ TNK U L L A G E  
LH2 I N  TAI11K 
LH2  I N  L I N E S  
LH2 I N  tYGINE 
COLD HE 3 U A 0  1 
COLD HE PlIAIl  2 
APS PROP F P  1 
A P S  PRflP F P  3 
A P S  H t L I I J M  
S E R V I C E  I I E M S  
GH7 I N  S T K T  TK 
E N V  CUNT F L U I D  

L U X  IN Pmis  

TOTAL R E M A I N I N G  

.nooononn 00 

. 3 3 1 9 3 3 3 2  0 6  
.ooononoo no 
, 3 1 1 9 3 3 3 2  06 

26856U.42  . I 7 2 7 1 7 9 5  1 1  . 1 2 2 7 h 5 5 2  11 

9 1 0 2 0 9 3 0 5  O b  L S L F  
, 2 6 4 9 7 7 1 8  0 7  
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TABLE AP 2 - 1  (Sheet 4 of 10) 
S-IVB-204 PREDICTED MASS BREAKDOWN SUMMARY 

ROLL 

,35881503 07 
.53660006 O b  

,69627351 08 
,44366708 OR 
.25273742 09 

,92770126 08 

.oooooooo 00 

.OOOQOOOO 00 
,18720000 04 

.i6673954 06 

.oooooooo 00 

,22718616 OS 

~00000000 00 
,44993827 05 
.24165151 05 
.OOOOOOOO 09 
.00000000 00 
,28509364 05 
,28509344 05 
.oooooooo on 
,43548299 05 
.oooooooo 00 
,66116800 06 

,47247589 09 

SLF 
,10197923 06 

P I T C H  

.29174384 07 
-26831258 06 

,37633531 08 
,62224799 0 8  
.lo055035 10 

.10400102 09 

.oooooooo on 

.oouonooo 00 

.ZY250000 04 

,76990905 05 
.noonoooo on 

.?2718616 05 

.I0625833 09 

.48051516 05 

.11158088 05 

.12153383 06 
,12753383 06 
,23337598 05 
,29337598 05 
.nooooooo 00 
.59ubn906 05 
.oonooooo 00 
-33193332 06 

,11895023 11 

SLF 
,25674226 07 

STATION(1NCHES) M01 ( P n l l Y I l  INCHtS SOUARFI 

V.ARM 

0.0 
0.0 
0.2 

- 8 . 5  
-1.9 
-2.4 
0.0 
0.0 

0.0 

10.0 
9.9 

0.0 
0.0 

- 6 4 . 0  

-75.6 
20.0 
140.0 
140.0 

9.3 
14.6 
0.0 

o,n 

0 . 0  

ROLL P I T C H  

,35881903 07 .79174384 07 
,53660006 06 .76s31258 06 
,92770126 oe .io400102 09 
.69627351 08 ,37633531 08 
,44366708 08 ,62224799 OR 
.25273742 09 .lo055035 10 
.onoooooo 00 .oonnnooo 00 
.oooooooo 00 .oooonooo 00 

.i6673954 06 .7699n~o5 04 

.18720000 04 .29250000 04 
-22718616 05 ,22718616 05 

.oooooooo 00 .@0000000 00 
~00000000 00 .R290n189 08 
-44993827 05 .48051516 05 

~00000000 00 -11196858 Ob 
~00000000 00 v11196858 06 
e28266947 05 e23139156 OS 
,28266947 05 .23139156 05 

,43548299 05 .59060906 05 
.OOOOOOOO 00 .00000000 00 
.66116800 06 -33193332 06 

.2416515i os ,1115~088 05 

.oooo~ooo 00 .nooooooo 00 

M. ARM 

1094.70 
1047.80 
797.10 
699.00 

330.78 
270.06 
206.60 
155.00 
136.80 
71.00 
535.57 
356.60 
187.91 
72.00 

494.30 

248.00 
248.00 
246.20 
127.20 
88.40 

642.70 

848.00 

494.30 

L.ARM 

0.0 
0.0 
1.2  
2.9 

6.4 
0.0 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

-59.9 
0.0 
86.3 

-3.6 
3.6 
0.0 
14.2 

-22.4 
0.0 

3.8 

113.8 

TIME 300.000 ITEMS REWINING SUWRY PRINTOUT - 

5 E O  

57. 
58. 
51. 
72 
7 3 1  
74. 
75. 
76. 
77. 
78. 
79. 
40. 
31. 
82. 
83. 
84 * 
n5 * 
R6 
87. 
8 8 .  
89. 

91. 

- 

90, 
- 
- 

H .  ARM YAW DFSCRIPTI f lN  V.ARM 

0.0 
0.0 
0.2 
-8.5 
-1.9 
-2.4 
0.0 
0.0 
10.0 
9.9 
0.0 

0.0 
-64 e 8 
0.0 

-75.6 
20.0 
140.0 
140.0 
0.0 
9.3 
14.6 
0.0 

-0.5 

- 

0.0 

L.ARM 

0.0 
0.0 
1.2 

3 .8  
6.4 
0.0 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

-59.9 
0.0 
86.3 
113.8 
-3.6 
3.6 
0.0 
14.2 

-22.4 
0.0 

1.1 

2.9 

- 

~ 

,21840584 07 
,26831258 Ob 

.33000814 08 
,61766059 08 
,10038531 10 

.in617023 09 

.onooonoo 00 

.onoooooo 00 

. ~ Z ~ O O O O O  n3 

.22118616 05 

.76990805 05 

.00000@00 00 

.in625833 09 
,4R051516 05 
.i~i5an88 05 
,12753383 06 
-12753383 06 
.23337598 05 
,27337598 05 
.OOOOOOOO no 
.2596bn92 05 
.00000000 00 
,33193332 06 

.11890208 1 1  

1094.70 
1047.60 
797. i o  
699.00 
848.00 
330.78 
284.37 
220.66 
155.00 
136.80 
71.00 
567.05 
398.11 
187.91 
72.0') 
494.30 
494.30 
248.00 
248.00 
246.20 

88.40 
662 e70 

127.20 

362.45 

%OS€ CONE 
SLA RING 
LUNAR MODULE 
INSTRUMNT U N I T  
SLA-ADAPTER 

LOX TNK ULLAGt  
LOX I N  TANK 
LOX I N  P n R T S  
LOX I N  L I N E S  
LOX I N  ENGINE 
L l t?  TNK LILLACk 
LHZ I N  TANK 
LH2 I N  L INES 
LH2 I N  k N C l N E  
COLD HE QUA0 1 
COLD HE QUA0 2 
APS ORnP FP 1 
4 P S  PRflP C P  3 
APS H t L I l l M  
SERVICE [ T E N S  
GHZ I N  5 T H T  TI( 
ENV CONT F L I ) I ~  

T OT A L P E M  A I N I NC. 

548 rw S T A G E  

1067.00 
91 -00 

3 1325.00 

3859.00 
23457 -6 1 

150.28 
125107.45 

13.00 
246.00 
13R .OO 
272.18 

250 14.40 
38.00 
20.00 

138.  73 

64.65 
6 4 . 6 5  
3.00 
30.00 
7.00 
43.00 

21 5883.67 

4600.00 

138.73 

SLF 
,25663833 07 

SUWRY PRINTOUT - 

S E P  

57. 
58. 
61. 
72. 
73. 
74. 
75. 
76, 
77. 
78. 
79. 
00. 
81. 
82" 
R3. 
04. 
05. 
8 6 .  
87. 
88. 
89. 
90 e 

- 

91. - 
- 

OESCMIYTIflN YAW 

,28840584 07 
.26631258 .lo617823 06 09 

,33000814 08 
,61766059 08 
,10038531 io 
.ooooonoo 00 
.ooonoooo no 
,3~500ooo 03 

.ononoooo no 

.22718616 05 
g7h990805 05 

.82908189 08 
e49051516 05 
.11158088 05 
.111961(58 06 
.11196858 06 
,23139156 05 
,22139156 05 
.ononoooo 00 
.25966092 05 
.onooonoo 00 
.33193332 0 4  

,11172387 11 

io67.w 

460n.uo 

91 .OO 
31 325.00 

3859.00 
23452.61 

223.29 
80590.03 

13.00 
246.00 
13R.00 
34z.54 

16907.46 
38.00 
2il).OO 
121.80 
121.80 
64.10 
64.10 
3.00 

7.00 
43.00 

30.00 

NOSE CONE 
SLA R I ' l G  
LUNAR MUDIJLE 
INSTRUHNT U N I T  
SLA-ADAPTER 
S4R DRY STAGE 
LOX TNK IILLAGE 
LOX I N  TAlvK 
LOX I N  P I I R T S  
LOX I N  L I N E S  
LOX I N  tNCINE 
LH2 TNY IILLACE 
LHZ I N  TANK 
LH2 I N  L I N E S  
LH2 I N  t r l 6 I N E  
COLD HE 911hD 1 
COLD HE O I I A O  2 
APS PRnP FP 1 
APS PRflP FP 3 
APS HELII IM 
SERVICE I r E M  
CH2 I N  S T R T  TK 
ENV CUNT F L U I D  

T O T A l  REMAININC 163371.72 389.55 1 1.5 
~- 

-0.6 I e47191241 09 I -a11177485 11 
SLF 

,24114488 07 

16  December 1967 
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TABLE AP 2-1 (Sheet  5 of 10) 
S-IVB-204 PREDICTED MASS BREAKDOWN STJMMARY 

PITCH YAW 

TOTAL REMAINING 123895.35 

57. 
5 8 .  
hl. 
72. 
73. 
74. 
75. 
76. 
77. 

NOSE CflNE 
SLA RING 
LUNAR MODULE 
INSTRUMNT UNIT  
SLA-ADAPTER 
S4B ORY STAGE 
LOX TNK ULLAGE 
LOX I N  TANK 
LOX 1 M  PflHTS 

1067.00 
91.00 

31325.00 
4600.00 
3859.00 

23452.61 
29h.30 

37709.62 
13.00 

246.00 
138.00 

8906.90 

104.87 
104.d7 

412.YO 

38.00 
20.00 

63.55 
63.55 
3.00 

30.00 
7.00 

43.00 

112595.15 

1094.70 
1047.80 
797.10 
699.00 
848.00 
330.78 
257.25 
189.76 
155.00 
i36.an 
71.00 

323.88 

494.30 
494.30 

503.87 

187.91 
72.00 

248.00 
248.00 
246.20 
127.20 
88.40 

662.70 

453.18 

78. 
79. 
80. 
R1. 
82. 
83. 

L O X  IN LINES 
LOX I N  ENGINF 
LHZ TNK IILLAGL 
LH2 I N  TANK 
LH7 I N  L INES 
Lrt2 I N  ENbINE 

84. 
85. 

87. 
88. 

90. 
91. 

ab. 

89. 

COLD HE QUA0 1 
COLD HE QUA0 2 

APS PRflP FP 3 
APS MELIUH 

GH2 I N  STHT TK 
ENV CONT F L U I D  

A P S  PROP FP 1 

SERVICE ITEMS 

113.8 
-3.6 

3 .6  
0.0 
14.2 

-22.4 
0.0 

20.0 
-140.0 
140.0 
0.0 
9.3 
14.6 
0.0 

ENGINE MIXTURE RATIO SHIFl TIME 475.500 ITEMS REMINING - 

SEQ 

57. 
58. 
61. 

73. 
74. 
75 * 
76. 
77. 
78. 
79. 

- 

72. 

ao. 
ai. 
82. 
83. 
$34. 
8 5 .  
86. 
87. 
8 8 .  
89. 
90 
91. - 
- 

STATION(INCHES1 

H. ARM RDLL V.ARH L.ARH 

NOSE CONE 
SLA R ING 
LUNAR MUDUlE 
INSTRUHNT U N I T  
SLA-AOAPTtR 
S4R P R Y  SlAGE 

LOX I N  TANK 
LOX I N  PflRTS 
LOX I N  LINES 
LOX I N  t N l I N E  
LHZ I N K  ULLAGE 
LH2 I N  TANK 
Lt42 I N  L INES 
LH2 I N  kYGINE 
COLD HE QUA0 1 
COLD HF OUAO 2 
4PS PRIIP F P  1 
APS PROP F P  3 
APS HEL l l lM  

GH2 I N  S T H T  TK 
ENV CONT FLUIO 

LOX TNK IILLAGE 

SERVICE 1 T E M S  

lOb7.00 

31325.00 
4600.00 
3859.00 

23452.61 
278.41 

47 126.79 
13.00 

246.00 
138.00 
395.67 

10816.49 
38.00 

109.01 

63.68 
6 3 . b A  
3.00 

30.00 
7.00 

43.00 

91.00 

20.00 

109.01 

1094.70 
1047.80 
797.10 
699.00 

330.78 
260.11 
193.9h 
155.00 
136.80 

511.35 
332.06 
187.91 

494.30 
494.30 

248.00 
246.20 

848.00 

71.00 

72 .on 

248.on 

127.20 
88.40 

662.70 

0.0 
0.0 
1.2 

3.8 
6.4 
0.0 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

"59.9 
0.0 

86.3  
113.8 
-3.6 
3.6 
0.0 
14.2 

-22.4 

2.9 

0.0 

0.0 
0.0 
0.2 

-8.5 
-1.9 
-2.4 

0.0 
0.0 
10.0 

n.n 
o.n 

9.9 
0.0 

-64.8 
0.6, 

-75.6 

,140.0 
140.0 

9.3 
14.6 

20.0 

0.0 

0.0 

,35881503 07 
.53660006 06 
-92770126 08 
,69627351 08 
$44366708 08 
.25273742 09 
.oooooooo 00 
.oooooooo 00 
.18720000 04 
,22718616 05 
-16673954 O b  
,00000000 00 

,44993827 05 
.onoooooo 00 

.nonnnooo 00 I .ononoooo 00 

.2975nono 04 .375nonoo 03 
,22718616 05 
,76990805 05 

,59225935 08 
,48051516 0 5  
.11158088 05 
.10021680 06 
.100216RO 06 
,22989332 05 
,229RQ332 0 5  

.59l360906 05  

~33193332 06 

.oouonooo 00 

.ooooooan 00 

.onoonono 00 

,27718616 05 
,76990805 05 

,59225935 08 
.onooonoo no 
,4~051516 n5 
, 1 1 1 5 8 n 8 8  n5 
.1002168n 06 
.ino?i68o 06 

,229~9332 n5 
.onononon 00 
.29966092 05 
.ooononoo 00 

,22989332 05 

r33193332 O b  

.24165151 05 

.oooooooo 00 

.onoooooo 00 
'28083921 OS 
128083921 05 
.oooooooo 00 
,43548299 05 
,00000000 00 
.66116800 06 

1.9 - 0 . 8  ,47143556 09 433.53 

SLF SLF 
,21662236 07 I ,21650694 07 

S U W Y  PRINTWT 

J-zlz 
TIME 500.000 ITEMS REWINING 

MASS I STATION( INCHES1 

L.ARH V.ARt4 j -25.0 6.4 0 .0  -2.4 10.0 

0.0 0.0 
0.0 
0.0 0.0 

-59.9 -64.8 
0.0 0.0 
86.3 -75.6 

2.9 -8.5 
3 . 8  -1.9 

ROLL P ITCH YAW 

a35881503 07 
r53660006 06 
,92770126 08 
,69627351 08 
944366708 08 
,25273742 09 
.00000000 00 
.ooonoooo 00 
.i8720000 0 4  
,22718616 05 
,16673954 Ob 
.00000000 00 

,44993827 05 
,24165151 05 
.oooooooo 00 

-28024529 05 
-28024529 05 

$43548299 05 

*66116800 06 

.oooooono 00 

.oooooooo no 

.ooonoooo 00 

.oooooooo no 

,29174384 07 
-26831258 Oh 

,37633531 08 
,62224799 08 
.lo055035 10 

.iocoo~nz 09 

.nooooooo 00 

. n o o ~ n o n ~  00 

.?925nooo 04 
,22718616 0 5  

.oooonooo 00 

.50249907 08 

.48051516 05 

.76990805 05 

.llfS808&I 05 

.96403315 05 

.Y6403315 05 
,22940714 05 
.22940714 0 5 -  
.ooonnonn on 

.oonnnono 00 

.59060906 05 

.33193332 06 

,211840584 07 
a26831258 06 
,10617823 09 

,61766059 08 
.3~000ai4 n8 

.loo38531 io 

.onoooooo no 

.onooonoo no 
,325nonon 03 

.onooonoo no 

.50249907 08 

.48051S16 05 

,22718616 OS 
.76990805 05 

.11158088 05 
,96403315 05 
,96403315 05 

,27940714 05 
.22940714 n5 

.ononoooo no 

.25966092 n5 

.ooononoo 00 
,33193332 nb 

~ 

TOTAL REMAINING e47127025 09 ,95106040 io 

SLF 
.10171900 06 

S l F  
.20539426 07 

SLF 
.20527b94 0 7  

1 6  December 1967 
AJ? 2-7 



TABLE AP 2 - 1  ( S h e e t  6 of 10) 
S-IVB-204 PREDICTED MASS BREAKDOWN SUMMARY 

M A S S  STATION(1NCHkSI  . MOI ( P f l l l N O  INCHES SQUARF) 

V.ARM RULL P I T C H  

F ~ Q  

57. 
58. 
b l .  
72.  
73 .  
74 .  
75 .  
76 .  
77. 
78. 
7 9 ,  
RO. 

MASS 

n E s c R i P i i n N  ( P m w o s )  

:IDS€ CONE 1067.00 
SLA RING 91.00 
LUNAR MUDULF 31325.00 
INSTRUMNT U N I T  4600.00 
SLA-AOAPTtR 3859 .OO 
S48 ORY STAGE 23657.61 
LOX TNK ULLAGE 367.92 
LOX I N  TANK 2794.97 
LOX I N  P O R T S  13.00 
LOX IN L I N E S  246.00 
LDX I N  th lb INE 108.00 
LHZ TNK (ILLAGE 483.00 

V,ARM 

0.0 
0.0 
0.2 

-8.5 

0.0 
0.0 

10.0 

0 . 0  
0.n 

0.0 

-1.9 
-2.4 

9.9 
0.0 

-64.R 

-75.6 
20.0 

140.0 
140.0 

9.3 

0.0 

-1.4 

0.0 

14.6 

ROLL 

,35881503 0 1  -29174384 07 
.93660906 Ob .76831758 06  
,92770126 08 .104nn102 0 9  
, b 9 6 2 n s i  08 . 3 7 6 3 ~ 5 3 i  08 

.oonooooo 00 .nonono00 00 

.onoooooo 00 .noonnooo 00 

. i8720000 0 4  . ~ Y L ~ ~ O O O  04 

.OOOOOOQO 00 .oonnonoo on 

.oooooooo 00 ,10425357 0 8  

.12002596 0 3  .55790439 0 4  

144366708 0 8  ,62224799 0 8  
e25273742 0 9  . l o055035  10 

,22718636 0 5  ,22718616 05 
,13049182 Ob .60753674 05 

,44993827 05 ,48051516 05 

~ 0 0 0 0 0 0 0 0  00  .8OH98761 05 
~00000000 00 ,R089R761 05 
,27783057 0 5  ,22743046 05 
.27783057 O S  ,22743046 0 5  

-43548299 05 ,590hf l906 05 

,66116800 0 6  ,33193332 0 6  

.47042471 0 9  s55552560 10 

.oooooooo 00 .nooonooo 00 

.oooooooo 00 .oooonr)oo 00 

SLF SLF 
. ~ o i 5 3 6 5 0  06 . i l w n 4 6 8  07 

TIME 598.210 ITEM5 REMINING S-IVB ENGINE CUTOFF CM.MAND - 

S E Q  

57.  
5 8 .  
h l .  
7 2 .  
7 3 .  
7 4 .  
7 5 .  
7 6 .  
7 1 .  
7 8 .  
7 9 .  

- 

no. 
8 1 .  

a 3 .  

a5.  

87 .  

R2. 

84 e 

Ab. 

88.  
P Y .  
90 
91.  - 
- 

(Pn1JNOSI OF S C R I P T I I1N YAW 

.283840584 n7 

. ~ h 8 3 1 7 5 8  n6 
,10617823 0 9  
,330noR14 n8 
,61766059 0 8  
. i o 0 3 8 5 3 1  10 
.onooonoo no  
.ononnnon 00 
.325noqon 03 

.6n253674 05 

. o n ~ n o o o n  no 

. 4 1 ( ~ 5 1 5 i 6  n5 
,11158088 05 
.81116h74 05 
.81116674 0 5  
.22745r)24 05 

.ononoooo 00 
,259hbnY2 0 5  
.onooonon no 
,33193332 n6 

,22718616 05 

,11134421 0 8  

,27745R24 05 

,55770124 10 

.29174384 07  

.?h871258 oh 

,37633531 0 8  
.h2224799 08 

.10400102 0 9  

. io055035 i o  . oouonnoo 00 

.oonnnono no 

.1YL5flono 0 4  

.ononnnoo on 

.4n051516 0 5  

,22718616 05 
,60253674 05 

,11134821 08 

.1115AOR8 05 
,8111h674 05 
. H l l l h 6 7 4  05 
.22745024 0 5  
.221458.?4 0 5  
.000017000 00 . ~ ~ m o 6  05 
. n o i m o o o  00 

. 5 5 n z ~ a 5 2  i o  

,33193332 Ob 

,35881503 07 
.53660006 Ob 

,69627351 OP 
,44366708 08 

.00000000 0 0  

,92770126 08 

,25273742 0 9  

.oooooono 00 

. i 872onoo  0 4  
,22718616 05 
,13049182 Ob 
.00000000 00 
.00000000 00 

.241h5151 05 
,44993827 0 5  

.ooonooon 00 

.ooonoooo ol) 

.onoooooo 00 

.onoooooo 00 

. 6 6 i i 6 8 n o  0 6  

,27786451 0 5  
,27786451 0 5  

,43548299 05 

,47044513 0 9  

+USE CnNE 
SLA R I N G  
LUNAR HUOULE 
INSTRUMNT U N I T  

S4F DRY STAGE 
L O X  TNK ULLAGE 
LOX I N  TANK 
L O X  IN PnRTs 
LOX I N  LINES 
LOX I N  ENbINE 
LHZ TNK IJLLACE 
LH7 I N  TANK 
LH2 I N  L I N E S  
L H ~  I N  ENGINE 
COLD HE OVA0 1 

APS PRnP f P  1 
APS PKOP FP 3 
APS HELIUM 
SERVICE ITEMS 
GH2 I N  5 T R T  TK 
ENV CON1 FLU10 

TOTAL RtNAIhlIYC, 

S L A - A O A P T ~ R  

C O L O  HE QUA0 2 

1067.00 
91.00 

31325.00 
46n0.00 
3859.00 

21452.61 
368 .oo 

2914.Y7 
13.00 

246.00 
108.00 
482.01 

3 8 . w  
1453.12 

20.00 
88.24 
RH.24 
63 .01  
h3.01 

3.00 

7.00 
43.00 

70423.20 

3n.00 

1094.70 
1047.80 

797. i n  
6 9 9 .  on 
848.00 
j30.m 

155.00 

245.66 
165.41 

136.80  
71.00 

475.51 

187.91 
278.97 

72.00 
494.30 
494.30 
248 .on 

246.20 

88.40 
662.70 

248.00 

127.20 

594.82 

0.0 
0.0 
0,2 

-8 5 
-1.9 
-2.4 

0.0 
0.0 

10.0 
9 , 9  
0.0 
0.0 
0.n 

- b 4 ,  R 
0.0 

-75.6 

140.0 

20.0 
140.0 

0.0 
9.3 

14.6 
0.0 

-1.4 

0.0 
0.0 
1.2 

3 . 8  
6.4  
0.0 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

-49.9 
0.0 

8 6 . 3  
113.8 

-3.6 
3 . 6  
0.0 

14.2 
-22.4 

0.0 

3.3 

2 * 9  

SLF 
.1?U37428 07 

TIME 599.610 ITEMS REMAINING 

STATION( INCHES) I HI11 (Pf lONl)  INCHES SQIJARE I 
~~ 

P ITCH H .  A R Y  

1094.70 
104 7.80 

797.10 
6 9 9 . 0 ~ ~  
8 4 8 .  on 
330.78 
245.62 
165.18 
155.00 

91.00 
136.80 

475.40 
278.70 

72.00 

248.00 
248 .oo 

187.91 

494.30 
494.30 

246.20 
127.20 

88.40 
662.70 

L e  A R M  

0.0 
0.0 
1.2 

3 . 8  
6.4 
0.0 
0.0 

- 2 5 1 0  
6.4 
0.0 
0.0 

-59.9 
0.0 

8 6 . 3  
113.8 
-3 .6  

3.6 
0.0 

-22.4 
0.0 

2.9 

0.0 

14.2 

YAW 

.288'+0584 07 
,2hd31258 nb 
, 10617823 n9 
. 3 ' ~ 0 0 0 8 1 4  08 
,61766059 n8 
. l n 0 3 8 5 ~ 1  10 
.onunonoo 0 0  
.onooonon no 
.375nonoo 03  

.bn253674 05 

.ooonoooo no 

. i n925357  n8 

.48051516 05 

.55790439 n4 

.an898761 05 

. ~ 0 8 9 8 7 6 1  05 

.2214304h 05 

.onooonoo no 

.25966092 05 

.on~oonon no 
,33193132 n6 

. 27718h lb  05 

,22743n46 05 

1426.12 
38.00 
10.00 
88.00 
88.00 
63.00 

3.00 
30.00 

7.00 
43.00 

63.00 

LH2 I N  TANK 
LH2 I N  L INES 
LH7 IN ENbINE 
COLD HE QUAI) 1 
COLD HE OuAn 2 
APS PROP FP 1 
APS PROP FP 3 
APS HELIUM 
SERVICE I T E M S  
GH2 IN STHT TK 
ENV CUNT F L l l I O  

70261.62 595.76 .55493789 10 3.3 

SLF 
,11977783 Q7 

1 6  D e c e m b e r  1967 



TABLE AP 2-1 (Sheet  7 of lo) 
S-IVB-204 PREDICTED MASS BREAKDOWN SUMMARY 

57. 
58. 

NOSE CONE 1067.00  1094.7n  0.0 0.0 e 3 5 8 8 1 5 0 3  0 7  , 7 9 1 7 4 3 8 4  0 7  , 2 1 8 4 0 5 8 4  0 7  
SLA R I N L  71.00  1 0 4 7 . 8 0  0.0 0.0 , 5 3 6 6 0 0 0 6  O b  . 76 t i 31258  O b  . 2 h 8 3 1 2 5 8  06 

TOTAL J t T T I S f l N F D  1158.00  1051.01  0.0 0.0 , 4 1 2 4 7 5 0 4  0 7  . 3 3 7 0 7 1 5 0  0 7  . 3 7 3 6 8 3 4 9  0 7  

S L F  
, 0 9 0 2 8 6 4 1  0 3  

SLF SLF 
, 7 2 7 4 2 7 4 3  0 3  , 7 7 0 2 2 2 6 8  03  

\ E O  

A l e  
72. 
73. 
1 4 .  
75. 
76. 
77, 
18. 

R O .  
q l .  

19. 

82. 
83. 
H4. 
R5. 

R7. 
48. 
49. 
Q 0 .  
91. 

8 6 .  

OESCRIPTIr lY (PPUI.rl)S) I.{. ARM 

LWVAR MOOULE 3 1 3 2 5 . 0 0  797.10 
INSTRUVNT U Y I T  4600.00 690.00 
S L A - A O A P T ~ R  385".00 848.00 
S4R I lRV SlhGF L 3 4 5 7 . b l  330.79 
LUX TNK IILLAGE 2 7 3 . 1 0  245.67 
LOX I N  TANK 7794.86  165.1R 
LUX I N  YCIRTC 1 3 . 0 0  155.00  
LOX I N  L I N E S  2 4 6 . 0 0  136.80  

LH2 TNK I I L L A ~ E  4714.08 475.35 
LH? I N  lANK 1 4 1 2 . 8 6  278.56 

LOX I N  t N C I N E  i n 8 . w  71.00 

LH2 I N  L I N E F  3e.00 187.91 
LH2 I N  €h'CINE 10.00 72.00 
C L l k f l  H f  OWAD 1 88.00 494.30 
COLD HE QUAn 2 88.00 494.3n 

APS PR'lP FP 3  67.92 24a.on 
APS H t L I l l M  3.00 746.20  
SERVICE I T E M 5  30.00 127.20 
GH? I N  STRT TK 7.00 88.40 
ENV C O N 1  F L l l I O  43.00 662.79 

APS PRllP I-P 1 6 7 . 9 2  248.00 

TOTAL RtMAININC, 6 8 9 3 7 . 3 6  588.23 

~ 

, 9 2 7 7 0 1 2 6  08  
. 6 9 6 2 7 3 5 1  08  
, 4 4 3 6 6 7 0 8  08  
. 2 5 2 7 3 7 4 2  09  
.oooooooo 00 
.oooooooo 00 
,18720000 04  
- 2 2 7 1 8 6 1 6  05  

. 1 0 4 0 0 1 0 2  0 9  

. 3 7 6 3 3 5 3 1  08 
- 6 7 2 2 4 7 9 9  OR 
. i n 0 5 5 0 3 5  10 
.oou[ rnooo on 
.r1oonnooo 00 
. 2 9 2 5 0 0 0 0  0 4  
. 2 L 7 1 0 6 1 6  05 

S € 0 

61. 

73. 
72. 

74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
R4. 
8 5 ,  
Rb.  
117. 
88.  
69. 
90. 
91. 

DE SC R I P T I ON 

LUNAR W D U L E  

S L A - A D A P T H ~  
INSTRUYNT U N I T  

548  @ R Y  SlAGE 
LOX TNK ULLAGE 
LOX I N  TANK 
LOX I N  PnRTS 
LOX I N  L I N E S  
LOX I N  ENGINE 
LH2 TNK ULLAGE 
LH7 I N  TANK 
L H ~  I N  LIiVFS 
L H ~  IN ENbINE 
C O L D  H E  OUAO 1 
COLD HE QUAI) 2 
APS PROP F P  1 
APT PROP I-P 3 
APS Y k L I I I M  
SERVICE ITEMS 
GH2 1 N  STRT TK 
ENV CUNT F l u I I ,  

STATION( INCHES)  M O I  (PIIIJNI, INCHES SQifAKF) 

ITEMS JETTISONED JETTISON NOSE CONE TIME 649.210 

ITEMS REWINING JETTISON NOSE CONE TIME 649.210 

1 M A S S  I STATION(1NCHESI I 
YB.4 L.ARM 

1.2 
2.9 
3.8 
6.4 
0.0 
0.0 

-25.0 
6.4 

0.0 
0.0 

-59 .9  
0.0 
86.3 

113.8 
-3.6 

3.6  
0.0 

14.2 
- 2 2 . 4  

0.0 

3.4 

0.0 

VIARN 

0.2 
-8.5 
-1.9 
-2.4 

0.0 
0.0 

10.0 
9.9 
0.0 
0 .0  
0.0 

-64 e 8 

-75 .6  
20.0 

-140.0  
140.0 

0.0 
9.3 

14.6 
0.0 

-1.5 

0.n 

. 1 0 6 1 7 8 2 3  P9 

. 3 3 0 0 0 P 1 4  38 

. 6 1 ? 6 6 0 5 9  08 

. i n 0 3 8 5 3 1  i o  

.onononon no 

. o ~ o n o ~ o o  eo 
, 3 7 5 n o n o o  03 
. 2 2 7 1 8 & 1 6  05 
. b n 2 5 3 6 ? 4  n 5  
.ooooonon no 
. i n 8 2 2 5 1 1  0 8  
. 4 ~ 0 5 1 5 1 h  0 5  

. 8 0 ~ 9 8 6 0 9  05 

. 8 n 8 9 8 6 0 9  0 5  
. 2 7 1 1 4 7 4 7  05  
. 2 2 7 1 4 7 4 7  0 5  
. o n w o n o o  no 
.25Yh6n92 n 5  
. o n o o o n o n  0 0  

. 5 5 1 9 0 4 3 3  0 4  

, 3 3 1 9 3 3 3 7  06 

, 5 3 3 9 4 1 5 5  10  

.~ 
, 1 3 0 4 9 1 8 2  Ob 
.00000000 00 
.00000000 00 

, 1 2 0 8 2 5 7 6  05 

.oooooooo 00 
, 2 7 7 4 8 4 8 6  05  
, 2 7 7 4 8 4 8 6  05 

, 4 3 5 4 8 2 9 9  05 
.00000000 or? 
. 6 6 1 1 6 8 0 0  06 

, 4 6 6 2 7 9 2 5  O Y  

. 4 4 9 9 3 a z 7  05  

.oooooooo on 

.onoooooo 00 

SLF 1 S L F  
. l o 0 6 4 1 7 5  06 , 1 1 3 2 1 3 9 0  0 7  

I 

ROLL L.ARM I V.ARM I H, ARM Y AV 

3 1 3 2 5 . 0 0  
4  6 0 0 . 0 0  
3 8 5 9 . 0 0  

2 3 4 5 2 . 6 1  
235.17  

2787.79  
13 .00  

246.00  
108.00 
305.65 
1244.02 

3R.00 
10.00 
88.00 
9R .OO 
h l . Y 3  
6 1 . 9 3  

3.00 
30 .00  

7 .00  
43.00 

797. i n  

837.20  
6 9 9 . 0 3  

330.70 
i 4 5 . h l  
I h 5 .  l h  
155.00 

71.00 
474.66 
276.79 
187.91  

72.00 

494.30 

248.00 

136.80 

494.30 

248.00 

246.2n  

~ 8 . 4 0  
127.20 

662.70 

1.2 
2.9 
5.9 
6.4 
0.0 

-25 .0  
6.4 
0.0 
0.0 
0.0 

-59 .9  
0.0 

86.3 
113.8 

-3.6 
3.6  
0.0 

14.2 
-22.4 

0.0 

0.0 

0 . 2 
-8.5 
-1.6 
-2.4 

0.0 
0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

-75.6 
20.0 

,140.0 
140.0 

9.3 

0.0 

0.0 

14.6  

. i n r o n i n ~  09 

. 7 7 6 3 3 5 3 1  OR 

. 7 7 6 4 4 8 6 5  00  
, 1 9 0 5 5 0 3 5  10 
. ~ i n o [ r n ~ n o  on  
. o o o n n n n o  00 
. 7 9 2 5 4 0 0 0  0 4  
, 2 2 7 l R 6 1 6  05 
.bI l)S'Jh74 0 5  
. o n o o o o n o  00 
. 9 5 1 6 2 0 0 5  0 7  
, 4 8 0 5 1 5 1 6  0 5  
.5579;)479 0 4  
.RC189R6179 05 
.RO69R609 0 5  
, 7 2 3 5 5 1 1 0  0 5  
. 7 2 3 5 5 1 1 0  0 5  

,59IJ60906 05 

- 3 3 1 9 3 3 3 2  O b  

. o o o n n o o o  00 

. o o o o n o o o  0 0  

. l o b 1 7 8 2 3  nY 
1 3 3 0 n n R i 4  n8 

. i n 0 3 8 5 3 1  i o  

.onononon oo 

.ono~onon no 
, 3 7 5 n o o n n  03 

. o o n n o n o o  no 

. 9 5 1 6 2 0 0 5  0 7  

. 8 n P 9 8 6 0 9  0 5  
, a n 8 9 8 6 0 9  05 

, 2 7 3 5 5 1 1 0  05 
.onononon no 

. n n o n e o o n  00 

. 3 3 1 Q 3 3 3 2  nb 

,74726R92 0 8  

. 2 7 7 1 8 h l b  05  
, 6 0 2 5 3 6 7 4  05  

.4R051516 0 5  
, 5 5 7 9 0 4 3 9  04  

. 2 7 3 5 5 1 1 0  0 5  

.25Y66092 05 

, 9 2 7 7 0 1 2 6  OR 

. 1 0 9 4 0 7 1 5  09  
- 2 5 2 7 3 7 4 2  0 9  
.oooooooo 00 
.00000000 00 
. 1 8 7 2 0 0 0 0  04  

, 6 9 6 2 7 3 5 1  oa 

.22718616 05  

.onoooono oo 
r 1 3 0 4 9 1 8 2  0 6  

.oooooooo 00 
, 4 4 9 9 3 0 2 7  O S  
, 1 2 0 8 2 5 7 6  0 5  
.oooooooo on 
.OOOOQOOO on 
- 2 7 3 0 9 1 5 1  05 
,27309151 0 5  
.00000000 00 
, 4 3 5 4 8 2 9 9  05  
.oooooooo or? 
. 6 6 1 1 6 8 0 0  0 6  

68602.10 588.65  ,522C3340 10 TOTAL R t H A I N I N G  e 5 2 1 2 0 8 1 5  10 

. 1 1 2 4 9 7 6 @  S t F  07 SLF 
- 1 1 2 6 7 5 7 3  0 7  

16 December 1967 
AP 2-9 



TABLE AP 2-1 (Sheet 8 of 10) 
S-IVB-204 PREDICTED MASS BREAKDOWN SUMMARY 

S t O  

0 1 .  

M A < 5  S T A T I O N ( I N C H E S )  M O I  f P[l l lZl l )  I N C H F S  S Q L J A R F )  

O F S C K I V T I n N  ( i w l i i i i s )  11. A R L ~  L , A K M  V , A R M  RUL L P 1 T C H  V A k  

L U M R  Y u n u L t  31325 .00  797.10 1.2 0 - 2  .92770126 n8 . l o 4 n n r n z  0 9  . i n 6 1 7 ~ ~ 3  0 9  

TOTAL J t T l I ’ j r l Y F n  31325.00 7 9 7 . 1 0  1 . 2  0.2 , 92770126  O E  . 1 0 4 0 0 1 2 /  0 9  . i 7 6 1 7 e c 8  09  

C E O  

’ 2 .  
73e 

7 5 .  
76. 
7 7 .  
7 8 .  
7 9 .  
90.  
q l .  
32, 
93. 
54. 
35. 
36. 
37. 

74 .  

Q F S C R I Y T I p N  

I Y S T R U M Y T  I J N I T  
S L A - A Q A P T t R  

LOX TNK I I L L A G E  
L U X  IN TAiJK 
L I l X  I N  PnW.15 
LOX I N  L I N L - S  
L U X  I N  €%\rbINE 
L H 2  TNK I I L L A ( . €  
LH2 I N  I A N K  
L H 2  I N  I INCS 
L H 2  IN t h l l b I Y E  
C U L O  HE QUAD 1 
CU1.D HE 9 U A n  2 
APS PROP F P  1 
A P S  PROP F P  3 

S ~ R  P R Y  s iby. r  

(DIlUE:DS) 

4600.00 
31159.00 

23457 .61  
379.99 

2517.Y7 
13.00 

246 .00  
in8.on 
4AE.00 

5.12 
3 8 . 0 0  
l @  . 00  
88 .00  
86 .00  
4E. 32 
4P. 32 

3.00 
30.00 
7.00 

43.00 

3 6  1 9 3 . 3  3 

H. A R M  

699.00 
837 .20  
330 .78  
245.55 
164.84 
i 5 5 . o n  
136 .80  

71.00 
469.51 

- 

S L F  S I  r S L F  I , 20023510  0 5  I . 72447642  0 5  I .22917572 0 5  I 
TIME 3235.000 ITEMS REPAINING w s - I v a  SEPARATION - 

S E C  

72 
7 3 .  
74 
75. 
7 6 .  
7 7 .  
7 8 .  
7 9 .  
3 0 .  
8 1 .  
YZ. 
8 3 .  
84 .  
8 5 .  
8 6 .  

P 8 .  
3 9 .  
“ 0 .  

- 

a -1 , 

9 1 ,  - 
- 

S T A  1 I O N  f I N C H E S  MI1 I 

ti.  AR!! Rr iLL P I T C H  DESCR 1 D T  I O N  

, 69627351  06 
. l o 9 4 0 7 1 5  09 
,25273747 09 
,00000000 00 
.ooonnoon oo 
, 18720000  04 
,22718616  0 5  
,13049182  O h  
.oooonoon 00 
.onoooooo 00 

. ~ Z O R Z S ~ ~  05 

. onoo0noo  on 

.oooooooo no 
, 25696838  05 
,25696838 0 5  
.00000000 00 
,43548299  05  
, O n O O O n O O  00 
,46116800  06 

,43790041  L‘l 

,44993827 05  

S L F  
, 94516456  0 5  

INSTRIJMNT UNIT 
S L A - A D A P T € R  
548 PRY S T A T , €  
LOX TNK I I L L A G E  
LOX I N  TANK 
L[ IX I N  PirKTS 
L O X  I N  L I N E S  
L O X  I N  t Y G I N E  
L H 7  TNK U L L A G E  
L H 7  I N  TANK 
L H Z  I N  L I N E S  

COLD t i €  nUAn 1 
C O L D  HE OUAl) 2 
A P S  PROP F P  1 
APS PRUP k P  3 
APS ) I E L I I I M  
S E R V I C E  I T E M S  
CH? I N  S T K T  T K  
ENV C O N T  F L l l I D  

TOTAL R t M A I N I N T ,  

~1.42 I N  E ” G I N E  

6 9 9 . 0 0  
8 37.211 
330.7U 

165.08 
7 4 5 . m 

i 5 5 . o n  
136 .80  
71.00 

472.2 ‘ )  
L 6 9 . b l  
187 .91  

72 .on  
494 .30  
494 .30  

248.00 

08 .40  

148 .00  

246 .20  
127.20 

662 .70  

415 .87  

46n0.00 
j i r 5 9 . w  

2 3457.61 
77Q.46  

2 7 3 P .  51 
13.00 

2 4 6 .  on 
1 w . m  
484 .26  
66H .d6 

3 I i .  On 
10 .00  
8 8 . 0 0  
HH.00 
5 R . L 7  
58.27 

3.00 
30.00 

7.nn 
43 .00  

36573.C3 

0.0 0.0 

6 . 4  
0.0 0.0 

n . o 0.0 
0.0 1 0.0 

-59 .9  -64.8 

0 . P  

-2 .9 

ITEMS REMAINING TIME 8779.010 

L.ARM 

2 .9  
5 .9  
6.4 
0.0 
0.0 

- 2 5 . 0  
6.4 
0.0 
0.0 

-59 .9  
0.0 

06.3 
113.8 

-3  e 6 
3.6 
0 .0  

14.2 
-22 .4  

0.0 

5.6 

0.0 

V,ARM 

-8 0 5 
-1.6 
-2.4 

0.0 
0.0 

10.0 
9 .9  
0.0 
0 .o 
0.0 

-64.8 

-75.6 

140.0 
140.0 

9 .3  
14.6 
0.0 

-2 e9 

0.0 

20.0 

0.0 

ROLL 

. i o 9 4 0 7 1 5  09  

.ooooooon 00 

.ooooonoo an 
, i u 7 z o n w  0 4  
r 2 2 7 i a 6 ~ 6  05 

.onoooooo 00 

.oooonono on 

,12082576 05 
tonoonnon on 
.onoooooo 00 

.213of l22f l  0 5  

.oooooooo no 

. 4354a299  0 5  

,69627351  OH 

.25273742 0 9  

,13049182  0 6  

.44993827 05 

.2130&22U 05 

.00000000 00 
,66116800 Ob 

251.99 
107 .91  

72 .00  

494.30 

248 .00  

127.2“ 

494  e 30 

248.00 

246.20 

662 .70  
88.40 

418.86 

38. 
39. 
x!. 
, I .  

APS H E L I I I W  

GH7 I N  5 T k T  TK 
F N V  C O N T  F L I J I D  

S E R V I C E  I T E M S  

, 43747456  0 9  

S L F  
. 94424539  05 

16 D e c e m b e r  1967 
AP 2-10 



TABLE AP 2-1 (Sheet 9 of 10) 
S-IVB-204 PREDICTED MASS BREAKDOWN SUMMARY 

7 2 .  
7 3 .  
74. 
7 5 .  
7 6 .  

7 8 .  
7 9 .  
90. 
8 1 0  
92 .  
33 .  
R 4 1  
85.  
8 6 ,  
97.  
138. 
R Y .  

7 7 .  

INSTRUMNT U N I T  
SLA-AOAPT€P 
548 DRY STAGE 
LOX TNK O L L h t E  
LOX I N  TAhU 

LOX I N  L I N E S  
LOX I N  t rJGINE 
LH2 TNK \ILLAGE 
LH2 I N  TANK 
LH2 I N  L I N E S  
LH2 Ih(  t N b I N E  
C U I 0  HE OUAI) 1 
CnLD HE Oilhll 2 
APS FRnP t P  1 
.IPS PRflP k P  3 
APS H E L I I I M  
SFRVICL: ITEMS 

L O X  I N  P w T s  

,37633531 08 
,77644865 08 
,10055035 10 
.oooonooo 00 

-,oonnoono 00 
- . 1 5 5 5 h t 1 1 2 - n ~  

.192nn093-01 

. 5 n o i 3 5 5 4 - 0 1  

.nononono 00 

.3doA1793 04 
,48051516 05  
. 5 5 7 9 0 4 3 ~  04 
.8o898609 05 
. ~ n ~ 9 ~ 6 0 9  0 5  
,17304901  05 
. i 7 3 6 4 9 0 1  05 
.nonooono on  
.59(1609n6 05 
.ooooooon 00 
,33193332 06 

. 2 3 m 7 3 5 8  i o  

,50738298 0 6  
SLF 

.33000k14 ('8 
,74776R92 08 
. l f 7038531  10 
.oni)noooo no 

-.ooooonoo 00 
- . 1 7 2 ~ 5 3 4 7 - o j  

.19200n93-01 

.50013554-01 

.onaooooo oo 

.380P17?3 0 4  

.4R051516 05 

.55790439 0 4  
,BO898609 05 
. 8 n 8 ~ 8 6 0 9  05  
. 1 7 j 6 4 9 0 1  05 
~ 1 7 3 6 4 9 0 1  0 5  
.onoonnoo 00 
.25Yh6072 05 
.onoooooo no 
.33193332 06  

. 2 w w i 1  I O  

.5n570413 06 
SL F 

TOTAL R t Y A I h 3 1 h C  33207.89 

4600.00 
3850.00 

23452 .61  
399.99 
-0.03 
C.00 
0.00 

493.00 
0.12 

38.00 
10.00 
8p.00 
88 .00  
48.08 
48.08 

3.00 
30.00 

7 .00  
43.00 

33207.86 

0.00 

~ 9 . 0 0  2.9 
837.20 5 .9  
430.78 6.4 
744.59 0.0 
157.52 0.0 
155.00 -25.0 
136 .80  6.4 

469.49 0.0 
251.78 0.0 
187.91 -59.9 
7 2  -00 n.n 

494.30 86.3 
494.30 i i 3 . e  

71.90 0.0 

248.00 -3.6 
248.00  3.6 
246.20 0.0 
127.2C 14.2 

88.40 -22.4 
h 6 2 . 7 0  0.0 

442.73 6.1 

END LOX DUMP ITEMS REMAINING TIME 8899.210 

I MOI (PIJLI:~ IIJCHFS S O U A R F )  ST AT I O N  ( I NCHE S 
I 

V.ARM ROLL P ITCH Y A >: I L.ARM 

*60C.00 

23452 .61  
399.99 

-0.03 
-0. on 

0.00 
4 9 )  .62 

(1.50 
33.00 

8d.00 
3n .OO 
411.10 
411.10 

3.00 

3859.00 

o.vn 

1n.oo 

30.00 

699.00 
937.20 
330.7R 
244.59 
157.52 

136.80 
71.00 

469.43 
251.79 
107.91 

72.00 
494.30 

248.00 
248.00  
246.20 

88.40 
662 .70  

1 5 5 . ~ 1  

494.3n 

127.20 

,69621351  OR 
,10940715 09 
925273742 09 
.OOOOOOOO on 

.,oooooooo on 
- .99563598-03 
.192nno93-01 
,10831472-00 
.00000000 00 
.00000000 00 
,44993827 05 
,12082576  05 
.oooooonn on 
.ooonnooo on 

.oooonooo CIP 
,43548299 05 
.00000000 00 
.661168OO 06 

,21213078 05  
-21213078  0 5  

,43713556 09 

2.9 
5.9 
6.4 
0.0 
0.0 

- 2 5 . 0  
6 . 4  
0.0 
0.0 
0.n 

-59.9 
0.0 

86.3 
113.8 
-3.6 

3.6 
0.0 

14.2 
-22.4 

o . n 

6.1 

-8.5 
-1.6 
-2.4 

0.0 
0.0 
10.0 

9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

-75.6 
20.0 - 1 40 . 0 

140.0 
0.0 
9.3 

14.6 
0.0 

-3.3 

10. GH2 I N  STWT TK 7.00 
91. lENV C O N I  FLIIIO I 43.00 

442.23 --pi7 .94351370 05 

START LH2 DUMP ITEMS REMINING TIME 8909.010 

% A S S  S l A T I O N l I N C H E S )  
- 

SEC 

7 2 .  
7 3 .  
7 4  , 
7 5 .  
76 .  
7 7 .  
7 8 .  
7Y.  
80. 
81.  

83 .  
A4. 
85.  
96 .  
87 .  
88.  
n9* 
90. 
91. 

- 

a2.  

- 
- 

RULL F 1 TCH Y hn V. ARM 

INSTRUMNT U N I T  
SLA-AOAPTtR 
S4P PRY STAGF 
LOX TNK [ I L L A G E  
LflX I N  TANK 
L o x  IN PnRTs 
L o x  IN LINES 
LOX IN tP'CINE 
LH2 TNK ULLAGE 
L H Z  I N  TANK 
LH7 I N  L I N E S  
LH2 I N  t N b I N E  
COLD HE QUAD 1 
CRLD HF CUAD 2 
APS PRnP F P  1 
APS PRIlP FP 3 
APS HEL I I IM  
SERVICE ITEMS 
CH7 I N  S T k T  TK 
ENV CUNT C i i j I O  

TRTAI RtP 'AINING 

, 69627351  oa 
.10940715 0 9  
-25273742  09 
.00000000 00 
~.00000000 00 

.00000000 OD 

.00000000 00 

.oooooooo 00 

.00000000 00 
,44993827 05  
.12082576 05 
,00000000 on 
.oooooooo 00 
,21205320  05 

.onoooooo oc 

. 2 1 ~ 0 5 3 2 0  05 

.ooononoo on 

.oonnoooo on 
- 4 3 5 4 8 2 9 9  0 5  

,66116800 06 

,43713486 09  

SLF 
,94351217 0 5  

. 3 3 0 e o q i 4  n8 

.n~0oonoo no 
- .ono~onoo no 

.ooononoo no 

.onoooooo 00 

. o ~ o o o c ~ o  no 

.91190@04 03 

. 4 ~ 0 5 1 5 1 6  05 

. a n 8 9 8 ~ 9  05 

. i 7 3 5 8 5 5 n  0 5  

.onon0000 on 

.25966092 05 

.ono~nooo no 

-74126892  03 
.10038531 10  

.0~000000 00 

.55790439 0 4  

.80898h09 05  
,17358550 05  

,33193332 06 

.23406233 10 

S L F  
.5P520030 O 6  

-8.5 
-1.6 
-2.4 

0.n 
0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64 .R  

-75.6 
20.0 

140.0 
140.0 

0.0 
9.3 

14.0 
0.0 

-3.3 

0.0 

,8089P609 0 5  
.1735R55@ 05 
.17358550 05 
.noonoono  00 

.oononoon on 

.5YO60QO6 05 

.3319733: O b  

,23507174 10 

S L F  
, 50737900  0 6  

1 6  December 1967 
AP 2-11 



TABLE AP 2-1 (Shee t  10 of 10)  
S-IVB-204 PREDICTED MASS BREAKDOWN SUMMARY 

S t P  

72. 
73. 
74. 
75. 
76. 
77. 
78. 
79, 
AO. 
81. 
82. 

OESCkIPTI I lN  

INSTRUMNT I l h l I T  
SLA-bOAPTtR 
S4n D R Y  S I A G k  
LUX TNK ULLAGE 
LOX I N  TANK 
LOX I N  PORTS 
L U X  I N  L I N E S  
LUX I N  t N b l N b  
LH2 TNK IILLACE 
LI42 I N  TANK 
LH2 I N  L I N E $  

4600.00 

23452.61 
399.9'3 

3859,oo 

-n.o3 
0.00 
0.00 
0.00 

377.00 
0.12 
0.00 
0.00 

8R.00 
0 8 . 0 0  
47.76 
47.76 
3.00 
30.00 
7.00 

43.00 

33043.21 

699.90 

330.78 
244.59 

837.20 

157.52 
155.00 
136.80 
71.00 

469-49 
251.78 
187.91 
72.00 

494.30 
494.30 
248.00 
248.00 
246.20 
127.2n 
a8.40 

662.70 

442.54 

8 6 .  
87. 
3 8 .  
89. 
70. 
91. 

APS PROP kP 1 
APS PROP I-P 3 
APS ).IELI')H 
SERVICE I T E M S  
GH? I N  5 T d T  TK 
ENV CONI FLUID 

T f l T A L  Rtb'AlNIWC 

S t Q  

7 2 .  
73. 
74. 
75. 
76. 

18. 
79. 

81.  
92. 
8 3 .  

8 5 .  
R 6 .  
8 7 .  
88. 
89. 
90. 
91. 

77. 

130. 

84. 

UCSCRIPTInN 

INSTRUMNT U N I T  
SLA-AOAPTtR 
S48 q R Y  ZTACE 
LOX TNK I I L L A C t  
LUX I N  TANK 

LUX I N  L l N L S  
L U X  I N  t N b 1 N t  

LH2 I N  TANK 
LH7 I N  L I N E S  
LH2 IN t f l b I N E  

COLO H E  QUA0 2 
A P S  PRLlP k P  1 
A P S  PROP F P  3 
APS HELItJM 
SERVICE ITFHS 
GH2 I N  S T R T  TK 
ENV CONI F L U I D  

L u x  IN P n U n  

L H Z  INK ULLAGE 

C O L D  HE W A D  1 

MASS STATIUN(1NCHES) 

(PI I lJ f '0SI  

4600.00 

23457.61 

-0.03 
0.00 

3859.00 

-n.oi 

0.00 
0.00 

0.00 
0.00 

35.00 
35.00 
3.00 

-0.00 
0.12 

0.00 
0.00 

30.00 
0.00 

43.00 

32057.69 

ti. ARM 

699.00 

330.78 

157.57 
155.00 

837.20 

244.59 

136.80 
71.00 

187.91 
72.no 

248.00 
248.00 
246.20 

4h9.49 
251.78 

494.30 
494.30 

127.20 
88.40 

662.70 

r44.64 

T I E  9089.210 ITEMS REMAINING END W2 DUMP 

I 

V.ARM ROLL P I T C H  

969627351 06 
.lo940715 09 
.25273742 09 
.oooooooo 00 

-.00000000 00 
.OOOOOOOO OD 
,00000000 00 
.00000000 oc 
.00000000 00 

.33000814 OM 
,74726892 08 
.lo038531 10 
.ooonoono no 
..ono0onoo 00 
.onooooon 00 
.onoooooo 00 
.ooooonoo 00 
.00000000 00 
,9419OPO4 03 
,164n0704-00 
,87789748-01 
.ana98609 0 5  
.8*7898h09 05 
,17241761 05 
,17241781 05 
.ononon00 00 
,259~56092 05 
. o ~ o o o o o o  no 
,33193332 06 

,37633531 0 8  
.77644R65 08 . 10055035 10 
.ooomono 00 . oononoon 00 
.nooooooo 00  
.nooo~ooo 00 
. n ~ u o ~ o o o  00 
.oooonooo 00 
.~4190ao4 03 
.16400704-00 . H7789748-01 
,80898609 05 
,8089RbO9 05 
,17241781 05 
.17241781 05 
.oooonooo on 
,59069906 05 
,00000000 00 
,33197332 06 

-23465629 10 

S L F  
.50646230 Oh 

-8,5 
-1.6 
-2e4 

0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64 8 
0,0  

-75,6 
20.0 

,140.0 
140.0 

9.3 
14.6 
0.0 

-3.2 

0.0 

o+n 

2.9 
5.9 
6.4 
0.0 
0.0 

-25.0 
6.4 
0.0 
0.0 

-59.9 
0.0 

86.3 
113.8 

- 3 .  6 
3.6 
0.0 
14.2 

-22.4 
0.0 

6.2 

n.o .00000000 00 
.15357069-00 
.1901?689-00 83. LHZ I N  k N b I N k  

84. COLD HE BLJA[)  1 
85. I CtlLD HE OlJAU 2 

I .00000000 00 
~ 0 0 0 0 0 0 3 0  00 
.21062675 05 
,21062675 05  
.00000000 00 
.43548299 05 
.o00uoooo 00 
.66116800 Ob 

,43674906 09 

S L F  
,94267947 05 
L 

,23364564 10 

FLF 
.5n430091 ob 

T I M  16,200.000 ITEMS REWINING 

MI11 ( D I l l l N l )  INCHCS SQUARE I 

L I) ARM VDARM P I T C H  ROLL 

2.9 
5.9 
6.4 
0.0 
oeo 

-25.0 
6.4 
0.0 
0.0 
0.0 

-59,9 
0.0 

86,3 
113,8 
-3.6 

3 e 6  
0.0 
14.2 

722.4 
0.0 

"8,S 
-1.6 
-2.4 

0.0 
10.0 
9.9 
0,0 
0 * 0  
0.0 

-64.8 
0.0 

-75 e 6 
20.0 
140.0 
140.0 
0 e 0 
9.3 
14.6 
0.0 

0.0 

,69627351 OR 
,10940715 09 
,25273742 09 

'.0000000o 00 
.oooooooo 00 
.00000000 00 

.00000000 00 .. 00000000 00 

.00000000 00 

.00000000 00 
,00000000 00 
"00000000 00 
.oooooooo 00 
.15433809 os 
,15433809 05 
.00000000 00 
,43548299 05 

.66116800 O b  

.43409347 09 

. O O O O O O L ) O  on 

.oooooooo on 

.3763353! 08 
-77644865 08 
.ino55035 io 
..ooocnooo 00 
..noooooon 00 
.oonoonoo 00 
.oooonono 0 0  
.noonoooo on 

.~4190ao4 03 

. O O O Q ~ O O ~  on 

.ooonoooo 00 

* .00000000 00  

,25179257 01 
-25179257 01 
.12b36025 05 
,12634025 05 

.59060906 05 

-33193332 Ob 

.23L69677 10 

.ooonnooo 00 

.nooooooo on 

.3~000814 ntl 

,ioo3a531 i o  
..onooonoo oo . .ononon00 00 
.00000000 (10 
. o n ~ o o o o o  00 
.onooooon no 

.,onooonoo 00 
,94190ao4 0 3  
,ooooonoo 00 
.onooonoo no 
,25179257 01 
,25179257 01 
,17634025 05 
.17634025 05 
.onooooon 00 
,25966092 05 
.onwooon 00  
,33193332 06 

r23162558 10 

-74126892 08 

SLF 
,49994ndl 06 

-3e2 TOTAL REMAINING 

SLF 
~93694764 05 

1 6  December 1967 
AI? 2-12 



TABLE AP 2-2 (Sheet 1 of 3) 
S-IVB-204 PREDICTED MASS CHARACTERISTICS SUMMARY 

TI t'E 
I SECONDS 1 

0.000 

bO.0OU 

80,000 

i no Iooo  

1 4 3 . 3 2 3  

1 4 3 . 5 2 3  

1 4 3 . 5 2 3  

1 4 4 . 8 4 0  

1 4 7 . 1 7 3  

148 .140  

1 5 0  e 000 

1 5 5 , 4 4 0  

1 5  5 , 4 4 0  

1 6 0 ~ 0 0 0  

1 7 0  000 

1 8 0  *ooo 

190 .000  

198 .140  

200. 000 

210*000 

2 2 0 . 0 0 0  

230.000 

2 4 0  e 000 

2 5 0 , 0 0 0  

260 .000  

270.00U 

2 0 0 . 0 m  

2 9 0 , 0 0 0  

300.000 

3 10 .000  

320 .000  

330 .000  

3 4 0 , 0 0 0  

350,000 

360.000 

370 .000  

380 .000  

390 .on0  

MASS 
(PIIUNI)S1 

296375 .76  

2 9 6 3 7 5  e 7 6  

296175 .76  

2 9 6 2 1 5 . 7 6  

296775 .76  

2 9 6 ? 6 6 . 5 0  

2 9 6 2 3 0 . 8 0  

296  169.6 1 

2 9 5 9 0 8  * 8 1 

295627 .31  

2 9 4 a 0 6 , 3 0  

2921 87 .34  

291972 .88  

2 8 9 6 1 2 1  10  

2R4385.65 

2 7 9  128 .02  

273851 .82  

2 6 9 5 5 1  a73 

268568.42 

263278 .75  

2 5 8 0 0 2 . 7 7  

2 5 2 7 2 8 . 7 5  

2 4 7 4 5 0 . 7 9  

2 6 2 1 8 7 . 1 5  

2 3 6 9 2 7 . 1 6  

2 3 1 6 5 3 . 3 9  

226395 .5  1 

221 144 .22  

2 1 5 8 8 3 . 6 7  

2 10h24 .72  

2 0 5 3 6 9 , 6 5  

200 1 18 .35  

1 9 4 8 6 9 . 1 5  

189610 .42  

1 8 4 3 4 9 . 9 1  

1 1 9 0 9  8 .9  2 

113053 .28  

1 6 8 6 1  1.77 

H.ARM 
( I K C I I E S )  

350 .73  

351) e 7 3 

3 5 0 . 7 1  

3 5 0 . 7 1  

3 5 0 . 7 1  

3 5 0 1 7 1  

3 5 0 . 7 3  

350 .76  

350 .76  

350.14 

350.73 

350 .72  

350 .02  

350 .85  

350.98 

351 .22  

351 .54  

3 5 1 . 9 0  

3 5 1 . 9 9  

351 .53  

3 5 3 . 1 7  

3 5 3 1 9 2  

354 .77  

355 .73  

356.82 

358 .02  

3 5 9 . 3 6  

360.83 

362 .45  

364 .22  

366 .16  

368.27 

370 .56  

373 .07  

375 .85  

378 .85  

382.11 

385 .67  

0 .8  

0.8 

018  

0 . 8  

0 . 8  

0.8 

0.8 

0.8 

0 . 8  

0.8 

0 . 8  

0.8 

0 . 8  

0.9 

0.9 

0.9 

0.9 

0 .9  

0 .9  ' 

0 . 9  

1.0 

1 1 0  

1.0 

1.0 

1.0 

1.1 

1.1 

1 .1  

1.1 

1.2 

1.2 

1.2 

1.2 

1.3 

1.3 

1.3 

1.4 

1.4 

V.ARM 
I N C H E S )  

- 0 1 4  

-0.4 

- 0 ~ 4  

-0 .4  

-0.4 

-0.4 

-0 .4  

- 0 , 4  

-0.4 

- 0 0 4  

-0 .4  

-0.4 

- 0 , 4  

-0.4 

-0 ,4  

- 0 , 4  

-0.4 

-0 .4  

- 0 , 4  

- 0 0 4  

- 0 0 4  

- 0 1 4  

- 0 0 4  

- 0 , 4  

- 0 9 4  

- 0 , 4  

-O I5  

-0.5 

- 0 , 5  

- 0 , 5  

-0 .5 

- 0 8 5  

-0 .5  

-0.5 

-0 .6 

-0.b 

-0.6 

-0.6 

1 0 4 2 5  1 + 4 9  

1 0 4 2 5 1 . 4 9  

1 0 3 8 8 6 1  1 5  

1 0 3 8 8 6 9  15 

1 0 3 8 8 6 0 1 5  

1 0 3 8 4 5 1 8 9  

1 0 3 7 1 6 . 2 2  

1 0 3 4 5 1 , 1 4  

1 0 2 9 9 6 . 0 8  

1 0 2 9 9 8  e02 

1 0 2 9 9 6 . 0 5  

1 6 2 9 9 0 . 2 2  

1 0 2 1 4 1 , 5 8  

1 0 2  1 3 6  67  

1 0 2 1 2 5 . 8 5  

1 0 2  11  5 .00 

1 0 2 1 0 4 . 1 1  

1 0 2 0 9 5 . 2 2  

1 0 2 0 9 3 9 1 4  

1 0 2 0 8 1 . 9 8  

1 0 2 0 7 0 . 7 7  

1 0 2 0 5 9 q 5 2  

1 0 2 0 ~ 1  ,23 

102036,88 

1 0 2 0 2 5 . 4 9  

1 0 2 0 1 4 , 0 4  

1 0 2 0 0 2  * 3 3  

1 0 1 9 9 0 . 9 6  

1 0 1 9 7 9 , 3 2  

1 0 1 9 6 7  e60 

1 0 1 9 5 5 . 8 1  

1 0 1 9 4 3 . 9 3  

1 0 1 9 3 1 , 9 6  

1 0 1 9 1 9 , 8 9  

101907.7 ! ,  

10 1 8 9 5  9 40 

101882 .98  

1 0 1 8 7 0 e 4 1  

P I T C H  M O I  
S L U G  F T . S Q .  

2 6 6 1 4 3 2 . 4 4  

2 6 6 1 4 3 2 . 4 4  

2 6 6 7 0 1 5 . 1 9  

2 6 6 7 0 1 5 e 1 9  

2 6 6 7 0 1 5 . 1 9  

2 6 6 6 9 6 3 . 8 4  

2 6 6 6 6 9 8 . 8 8  

2 6 6 6 3 5 9 . 7 2  

2 6 6 5 7 9 1 r 3 1  

2 6 6 5 6 2 3 0 3 8  

2 6 6 4 7 6 4 . 3 1  

2 6 6 1 9 0 0 . 8 8  

2 6 6 0 7 0 9 , 0 6  

2 6 5 8 2 4 6 . 0 6  

2 6 5 2 4 7 5 . 3 4  

2 6 4 6 2 5 0 . 2 5  

2 6 5 5 7 3 6 . 6 9  

2650915 .22  

2 6 4 9 7 7 4 * 0 6  

2 6 4 3 4 0 1 . 1 9  

2 6 3 6 6 5 3 e 1 9  

2 6 2 9 5 2 3 . 1 6  

2 6 2 1 9 9 4 . 0 6  

2 6 1 4 0 7 2 , 9 1  

2 6 0 5 7 7 2 . 1 9  

2 5 9 6 9 0 9 . 6 4  

2 5 8 1 6 2 3 . 3 4  

2 5 7 7 8 2 1 , 1 5  

2 5 6 7 4 2 4 . 7 8  

2 5 5 0 4 0 0 . 5 6  

2 3 4 4 6 9 1  e 7 5  

2 5 3 2 2 5 0 . 8 1  

2 5 1 8 9 7 9 . 5 9  

2 5 0 4 7 6 1 , 2 8  

2 6 8 8 8 3 2 1 6 6  

2 4 1 1 9 9 7 . 3 4  

2 4 5 3 7 9 4 . 2 8  

2 4 3 4 0 6 6 . 4 1  

YAK Y U I  
S L ~ J G  F T o S P .  I 

2 6 6 6 4 7 0 . 1 3  

2 6 6 6 4 7 8 . 1 3  

2 6 6 6 0 6 0 . 9 1  

2 6 6 6 0 6 0 1 9 1  

2 6 6 6 0 6 0 ~ 9 1  

2 6 6 6 0 0 9 . 5 6  

2 6 6 5 1 4 4 1 5 6  

2 6 6 5 4 0 5 . 4 1  

2 6 b 4 P 3 5 0 7 2  

2 6 6 4 6 6 7 . 1 9  

2b63807.1Y 

2 6 6 0 9 4 n . 9 1  

2659749 .09  

2 6 5 7 2 8 3 1 1 2  

2 6 5 1 5 0 7 1 1 5  

2 6 4 5 2 7 7 9 3 8  

2 6 5 4 7 5 0 . 5 0  

2 6 4 9 9 3 2 1 7 8  

2 6 4 8 7 9 n r 5 3  

9 6 4 2 4 1 7 . 2 8  

2635658 .75  

2628523 .28  

2 6 7 0 9 a 8 . 6 9  

2 6 1 3 0 6 1 , 9 4  

2 6 0 4 7 0 5 0 6 3  

2 5 9 5 8 8 7 @ 2 5  

2 5 8 6 5 9 5 . 5 3  

257678R.15 

2 5 6 6 3 8 5 . 4 7  

2 5 5 5 3 5 5 . 4 4  

2 5 4 3 6 4 6 . 7 8  

2531193 .88  

2 5 1 7 9 1 6 g 1 2  

2 5 0 3 6 9 2 . 3 1  

24R7157.59 

2 4 7 0 9 1 6 . 0 9  

2 4 5 2 1 0 6  I 7 2  

2 4 3 2 9 5 2 . 4 4  

1 6  December 1967 
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TABLE AP 2-2 (Sheet  2 of 3) 
S-IVB-204 PREDICTED MASS CHARACTERISTICS SUMMARY 

MASS 
(POUNDS) 

6 8 1 9 8 ~ 2 3  

36873.23 

36872.83 

96872.63 

3 6 8 3 3 ~ 5 7  

36631e7? 

36429.90 

36388.32 

36386.90 

36385~ 10 

36383 e 91 

36382e77 

3627S.98 

36200162 

36199.72 

36191 e92 

36196.13 

36194.33 

36193 e 93 

33575.08 

33207.89 

33207.86 

33124.72 

33043.21 

32921.11 

32713.82 

92625,93 

32478,04 

32330.15 

32284 e00 

32282.77 

32280.37 

32279e18 

32277 s 39 

32279 9 59 

82274.15 

32282.13 

32202soo 

92141187 

9208 P e 94 

3 2 0 5 7 ~ 6 9  

590198 

CI5.89 

41br01 

4016.11 

416e13 

416.25 

416.38 

616141 

416.60 

416.84 

419.08 

411.15 

417e80 

~ a e 1 . 2 9  

618.34 

410.49 

418.63 

418.78 

C L 8 r 8 6  

438.67 

442129 

442.23 

462.39 

442 94 

442.77 

443 e Ob 

443,3ep 

443@b3 

443192 

444.01 

4436.02 

446,03 

44SP04 

444103 

444 S O 6  

444.09 

644, PO 

444r24 

B14#42 

444.5 

$44@64 

V eARM 
I INCHES 1 

ROLL W O I  
(SLUG FT,SP, 

114642,42 

451b1S4 

94513r92 

94513*92 

945 12 # 0 9  

94502.43 

94493.14 

94491 e 19 

94485 ,Ol. 

94671.22 

94469.44 

94467,13 

92460.75 

8445b1 24 

0445Z.32 

94144*34 

9443brV5 

94428,96 

94424.62 

94399.11 

94351 ,b5 

94951 ,BO 

84309.28 

94568,03 

96188.09 

94090,71 

9$993,29 

93895,lO 

93798.07 

93767.38 

P3962 #23 

93956 I 44 

93746,65 

93731b08 

93124.85 

93123,19 

939061 92 

~ 3 b 9 ~ ‘ 1 8  

~ 

PIYCH MO! 
SLUG F1,SP. 

t114103a52 

560313 s 63 

560053r96 

460053e96 

559936.97 

559326.79 

558710167 

558582,28 

558344*00 

948039.92 

53’1131.42 

E5?639,02 

JSb680e52 

555957.15 

555849.84 

55S622.91 

555391 1 66 

595169.89 

555061 173 

S 115737,80 

507383.42 

507379,45 

906926.86 

306482,?4 

50598 1 D 16 

505369.63 

504?56,92 

5 0 ~ 1 4 3  ,07 

JOB528 900 

103335169 

503320 833 

503299,71 

~ o a 2 9 3 ~ a a  

503252149 

103229e86 

503213e91 

503198,62 

BO2892 e 1 5  

502626.53 

902360~02 

9002~3.30  

V&W MO1 
SLUG F 9 e 5 8 9  

1112352e30 

5S8059120 

157802909 

557802.09 

597685098 

537082,82 

5 5 6 4 7 3 ~ 1 2  

556346,26 

5561 14102 

5158170 52 

551516,60 

55542be45 

554472rV7 

5951752e19 

553645 e 30 

353430*00 

553212.28 

552992.69 

552868t16 

513551r32 

5052061 57 

505200.74 

504’14bi82 

5 0 4 3 0 1 ~ 3 5  

503168e13 

503118e05 

902466 ,VL 

SOLBl4r14 

50L160 e 25 

500956r02 

500949 8 68 

500930,B4 

30Q9l.5 e 64 

5 0 0 9 0 0 ~  54 

900883,53 

500873e50 

500821,81 

500563r 21 

BO0906029 

50QOCYeO9 

4989411 (I 2 

1 6  December 1967 
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TABLE AP 2-2 (Sheet 3 of 3) 
S-IVB-204 PREDICTED MASS CHARACTERISTICS SUMMARY 

I 

T I W E  
I SECONDS)  

400.000 

410,000 

420.00U 

430.000 

440.000 

450.000 

460 .000 

470.000 

475.500 

480.000 

490.000 

500, ooo 

510.001: 

520,000 

530.000 

540 000 

550.000 

560,ono 

570 000 

580.000 

590r000 

598.210 

598,410 

598,610 

599 e 610 

638.210 

638.410 

643.210 

643.210 

1000.000 

1198.209 

1198.210 

1500,000 

1858.610 

1858.611 

2000.000 

2500.000 

3000.000 

M A S S  
I PIXJNDS) 

163371.72 

158 122.22 

152870. H Z  

347624.88 

142380.30 

13 1142.05 

131909.13 

126683 .81 

123895 -35 

1 2  1705 38 

i i7n66.85 

112595.15 

308700.20 

103839.76 

99496.47 

951 79.87 

90896.02 

86632 .88 

82375.48 

78 121 -92 

73099.79 

70423 2 0  

70400.1 1 

70377.03 

70261.62 

70098.38 

70098.26 

70095.36 

h8937 36 

6872 1.83 

68602.10 

68602.10 

68419.80 

68203.17 

68203.17 

68202.66 

68200.87 

68 199.07 

H . A R M  
I INCHES) 

389.55 

393.79 

398 I44 

403.51 

409.07 

415.18 

421.89 

429.29 

433.53 

637.01 

444.08 

453.18 

462.13 

471.82 

482.58 

494.43 

507.40 

521.68 

537.68 

555.74 

576.01 

594.82 

594.96 

595.09 

595.76 

596.53 

596.53 

596.54 

588.23 

588.89 

589.25 

588.65 

589.21 

589.88 

589.88 

590.00 

590 e 39 

590.79 

L , A R M  
( I N C H E S )  

1.5 

1.5 

1.6 

l e 6  

1.7 

1.7 

1 r8 

1.9 

1.9 

l o g  

2.0 

2.1 

2.2  

2.3 

2.4 

2.5 

2 . 6  

2.7 

2 . 8 .  

3.0 

3.2 

3.3 

3.3 

3 . 3  

3.3 

3.3 

3.3 

3.3 

3 * 4  

3.4 

3.4 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

V , A R M  
I INCHES) 

R O L L  M U 1  
( S L U G  FT.SP.  

101857970 

101844.80 

101831.72 

101818.44 

101804 r92 

101791.16 

101777.11 

101762 175 

101754.7 7 

101748.26 

10 1733 . 76 

101719 ,O9 

101704.14 

101688q83 

101673.10 

101656.89 

101640.17 

101622 184 

101604 e77 

101585eH6 

101566 01 

101541.00 

10 1540.37 

101539074 

101536 0 59 

101 535.33 

101535.53 

101539.44 

100641.83 

100635.66 

100632.23 

114675.33 

114670,07 

114663.82 

114663.82 

l l ' t 661  a 6 2  

114653.84 

114646.07 

P I T C H  MU1 
S I U G  FT.SO.  

2412551931 

2389037.31 

2363288.94 

2335086.97 

2304081.13 

2269898~09  

2232 127.50 

2190316~13  

2166225.47 

2146404.59 

2101522.16 

2053944,34 

2002368808 

1946657~91  

1803591~09  

1813550117 

1739098.09 

1653851930 

1557397*66 

1447156*31 

1322300.33 

1205011.38 

1204161,48 

1203311.30 

1199047889 

1195046.66 

1195043.17 

1195007.23 

1132140,02 

1129487.20 

1127993~58  

1126758123 

1124468.33 

kiz1705.53 

1121703~53  

1120937.70 

1118199,08 

1115422.50 

YAW FlJl 
SLUG FT .SP.  

24ii45n.88 

2387930.25 

236L175.16 

23  33966 s 31 

23nm53.41 

2268763e22 

2230985.22 

2189166122 

2165071*31 

2145247s00 

2100356.91 

2052771.23 

2001186~97  

1945468.55 

1882393.19 

1812343.42 

1737882.14 

1652625.72 

1556161.98 

1445909.95 

13211)42,63 

1203743.80 

1202893.75 

1ZOZO43 . 4 4  

1197779.38 

1193778e41 

1193776*94 

1193739.06 

1130876.78 

1128228.95 

1126730.09 

1124977.00 

1122691.25 

11 19933.44 

1119933r44 

1119167.75 

1116436.70 

1113667.70 

16  December 1967 
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S t a t i o n  - 
H Arm 

Items 
J e t t i s o n e d  

I t e m s  
Remaining 

L A r m  

TABLE AP 2-3 (Sheet 1 of  3) 
DEFINITIONS FOR MASS CHARACTERISTICS 

COMPUTER PROGRAM WSll PRINTOUTS 

DEFINITIONS 

Distance a long  t h e  H a x i s  from an a r b i t r a r y  

S-IVB-204 stage r e f e r e n c e  zero.  

i s  l o c a t e d  so t h a t  t h e  S-IVB-204 s t a g e  engine 

gimbal p o i n t  i s  s t a t i o n  100.0. P o s i t i v e  v a l u e s  

increase i n  the forward d i r e c t i o n  and n e g a t i v e  

va lues  are a f t  of s t a t i o n  zero.  

The ZERO s t a t i o n  

Distance a long  t h e  c e n t e r l i n e  of t h e  S-IVB-204 

s t a g e  from t h e  c e n t e r  of g r a v i t y  of t h e  i t e m  

under c o n s i d e r a t i o n  to S-IVB-204 s t a g e  DAC 

s t a t i o n  zero.  

A l i s t i n g  of a l l  i t e m s  being considered at t h e  

c u r r e n t  computing t i m e  t h a t  w i l l  n o t  be con- 

s i d e r e d  a t  t h e  nex t  computing t i m e .  

A l i s t i n g  of a l l  i t e m s  be ing  considered a t  t h e  

c u r r e n t  computing t i m e  that w i l l  b e  considered 

a t  t h e  nex t  computing t i m e .  

D i s t ance  from t h e  c e n t e r  of g r a v i t y  of t h e  

i t e m  under c o n s i d e r a t i o n  t o  t h e  c e n t e r l i n e  

of t h e  S-IVB-204 s t a g e  a long  an axis 

pe rpend icu la r  t o  t h e  c e n t e r l i n e  and coin- 

c i d i n g  wi th  p o s i t i o n s  I1 and I V .  P o s i t i o n  I1 

is p o s i t i v e  and p o s i t i o n  IV is  nega t ive .  

UNITS 

Inches 

Inches 

None 

None 

Inches 

... 

16 December 1967 
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TERM 

P i t c h  M O I  

Pound 
Inches 
Square 

SLF 

SLG 

ss 

T i m e  

T o t a l  
J e t t i s o n e d  

T o t a l  
Remaining 

V Arm 

TABLE AP 2-3 (Sheet 2 of 3) 
DEFINITIONS FOR MASS CHARACTERISTICS 

COMPUTER PROGRAM WSll PRINTOUTS 

DEFINITIONS 

Moment of i n e r t i a  of any i t e m  o r  t o t a l  about an 

a x i s  through i t s  own c e n t e r  of g r a v i t y  and 

p a r a l l e l  t o  t h e  V a x i s .  

Moment of i n e r t i a  about t h e  center of g r a v i t y  

of each i t e m  o r  t o t a l  of i t e m s .  

Slug f e e t  squared 

Slugs 

Center of g r a v i t y  expressed i n  terms of s t a g e  

coord ina te s  when i n d i v i d u a l  i t e m s  are i n  another  

coord ina te  system. 

T ime  is  referenced  t o  range t i m e .  A l l  computing 

w a s  done i n  t h e  pounds, i nches ,  and pound inches  

squared system of u n i t s .  (I tems below t h e  TOTAL 

REMAINING l i ne  were converted t o  o t h e r  u n i t  

systems.) Pound m a s s  is  de f ined  as 1/32.174 s l u g s .  

A summation of t h e  items be ing  j e t t i s o n e d  a t  t h e  

c u r r e n t  computing t i m e .  

A summation of t h e  items remaining 

Distance from t h e  c e n t e r  of g r a v i t y  of i t e m  under 

c o n s i d e r a t i o n  t o  t h e  c e n t e r l i n e  of t h e  s t a g e  along 

an a x i s  pe rpend icu la r  t o  t h e  H and L axes  and 

co inc id ing  wi th  p o s i t i o n s  I and 111, P o s i t i o n  I 

i s  nega t ive  and p o s i t i o n  I11 i s  p o s i t i v e .  

UNITS 

2 Lbm-In 

2 Lbm-In 

Inches 

Seconds 

None 

None 

Inches 

~ 

16  December 1967 
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TERM 

vs 

Yaw M O I  

TABLE Ap 2-3 (Shee t  3 of 3)  
DEFINITIONS FOR MASS CHARACTERISTICS 

COMPUTER PROGRAM WSl l  PRINTOUTS 

Veh ic l e  s t a t i o n  (when center of g r a v i t y  i s  expres-  

s e d  i n  c o o r d i n a t e s  o t h e r  t h a n  S-IVB-204 s t a g e ) .  

2 I Lbm-In Moment of i n e r t i a  of any i t e m  o r  t o t a l ,  about  a n  

a x i s  th rough i t s  own c e n t e r  of g r a v i t y  and 

p a r a l l e l  t o  t h e  L axis. 

16  December 1967 
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PREDICTED FLIGHT TRAJECTORY m 



3 .  PREDICTED FLIGHT TRAJECTORY 

This  appendix p r e s e n t s  t he  S-IVB s t a g e  p r e d i c t e d  f l i g h t  t r a j e c t o r y .  The 

t r a j e c t o r y  s imula t ion  was der ived  us ing  t h e  S-IVB s t a g e  p r e d i c t e d  

performance c h a r a c t e r i s t i c s  documented i n  t h i s  r epor t .  These predic-  

t i o n s  are based on the  MSFC p r e d i c t e d  AS-204/LM-1 v e h i c l e  f l i g h t  

t r a j e c t o r y  ( s e c t i o n  2 ) ,  sequence of events  (appendix l), m a s s  charac- 

t e r i s t i c s  d a t a  (appendix 2 ) ,  and p r e d i c t e d  propuls ion  system performance 

(appendix 5) a 

Tables  AP 3-1 through AP 3-3 p r e s e n t  t h e  S-IB s t a g e  powered t r a j e c t o r y ,  

S-IVB s t a g e  powered t r a j e c t o r y ,  and S-IVB o r b i t a l  f l i g h t  t r a j e c t o r y  

s imula t ions ;  symbol d e f i n i t i o n s  and coord ina te  s u b s c r i p t  d e f i n i t i o n s  are 

p resen ted  i n  t a b l e s  AP 3-4 and AP 3-5. F igures  AP 3-1 and AP 3-2 show 

the  coord ina te  system app l i cab le  t o  t h e  t r a j e c t o r y  s imula t ion .  

T ra j ec to ry  parameters  are g r a p h i c a l l y  p re sen ted  i n  s e c t i o n  2 ;  lower s t a g e  

f l i g h t  parameters were obtained from re fe rences  s t a t e d  t h e r e i n .  
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PREDICTED S-IB-204 STAGE POWERED FLIGHT TRAJECTORY 
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947110.8 
20q09838.0 
3102867.8 

-18210745.0 
9996644.6 

2550 01 
-1221.90 
1691.71 

13.2 
121267.7 
-60557.9 

632964.42 
38991027.00 
38991021.00 

,001 
-1395 
-a002 
-1072 
-e034 
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17843.23 

6.790 
,000 

179 2983 
172.8715 

* 0000 
eo0 

28.9126 

106431 -3 
20909838.0 
31 16472.3 

-18216963.0 
10005542.3 

2096.54 
-1264.85 
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63.4 
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-103740. 6 
586729.95 

37717170.00 
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-,382 
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-.os0 
-a051 

09 
11310.15 
-20,526 

,000 
179,1664 
172 s 2965 

.oooo 
.a0 

28.9999 

118913.9 
20909838.0 
3131882.5 

-18223386.0 
10015355.8 

3272.60 
-13030 90 
2058.17 

81.5 
152696.4 
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544541.18 
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- .054 
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-29,793 
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00 .oo 
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-*Ob15 
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-,09 
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34.5 
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683.20 
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-.05 
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954e13 
1153.71 
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TABLE AP 3-1 (Sheet 10 of 14  1 
PREDICTED S - I B - ~ O ~  STAGE POWERED FLIGHT- TRAJECTORY 
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.uo0 
,000 
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22 1.8646 
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. 1 2  
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000 
000 
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-174.6 
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.438 
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115596.6 
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9053.9 
-3869.5 

71.6 
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-.Ob3 .oono 426.16 
4.530 3.41 -74.078 . uoo * 000 ,000 
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e 00 
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29228795.00 
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1R12014.9 11950.5 
-765.2 -2728.2 
-1160.4 -35.9 

- . to1  5365.15 
,000 51.70 

-.ooo 72.000 
.640 2.7417 roo2 
.00@ -2.7415 -.bo1 
.ooo -.0360 .000 

29.2336 29.2091 -1097 
72.7202 76.2845 -.039 

-6204.910 51.69 -.72 
-.G43 .oooo -792.09 
4.952 1.90 -89.492 
.GOO 000 e 000 

2t9692.00 ,9521 178.3764 
5632.4) 31.3668 169.6593 

.GOG . OG 
1234313.2 
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.oo .oo 

76.8666 29.5100 

99034.8 

80.2719 
28.6171 
28.4556 
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- e 1 8  
- .Ob  
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-893.3 
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,0046 

-I2 
-e6  
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-.I5 
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1122 e60 
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eo0 
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892.1 
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28.6325 
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- a 2 1  
- , 0 8  
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1487.0 
-29061.4 

-.4086 
-,1614 
,0053 
927.2 
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-.7 
1073.44 

11709 
-121 

2294.01 
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846448.8 
1884.19 

10817543aO 
,0000 

.oo 

137664.1 
.OObb 

28.6498 
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125.32 
-.24 

80.1574 

- . 0 8  
162.9 
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e0066 
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-.7 
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TABLE AP 3-1 ( S h e e t  11 of 14) 
PREDICTED S-IB-204 STAGE POWERED FLIGHT TRAJECTORY 

1J3.2000 
6863.57 
133199.6 
1720d6.0 
-173.2 

4740.00 
3267.08 

.58 
1832247.7 
-6136 8 6 
-1205.5 
30.726 

.163 -. u09 
-59,429 

,000 
,000 

34.9437 
72.1167 
294.49 
-31.69 
25.96 
,000 

567777.8 
21265375.0 

IO00 
IO0 

2bt.3129 

135.0000 
7U7L 0 6 5  
161913.5 
17~0~5.7 
-171.0 
9993.04 
3333.04 

-78 
ie29zoin5 
-3414.0 
-1i10.0 
30.631 

v 164 
-.012 

-59.429 
,900 
.‘3OU 

34.3318 
72.1331 
293.94 
-31.67 
22 a 37 
.00u 

628255.2 
212*0075.0 

.000 
8 00 

2 7 % .  79 1 1  

136.0450 
7 196.76 
107 118.5 
131313,d 

x162.3u 
3372.65 

.90 

-2266.9 
-1218.3 
30.493 

.lSJ 
-silo7 

-59.429 
* 900 
,000 

34.0764 
72.1428 
295.27 
-31966 
20.50 
,000 

654390.2 
212d6954.0 

.000 
.00 

276.6918 

-171.1 

38274ai. 8 

T I L T  ARREST 
448499.7 1806791.3 
5756.06 2108.2345,O 
95383.7 170979.6 

6425099.7 171948.6 
34249.7 5525.3 

977012 3262.04 
119.79 

1Y06788.1 
-3  3 19.. 5 
-11eo.s -. 505 

. G O 1  
-.005 . 0CO . 00G . G60 

28.7399 
72.7GbO 

-6177.914 
-.042 
5.325 

1845.75 4~371.41 

.GO0 

5967.26 
i1589li 20 

172641.7 
20909638.0 
32G5815.7 

.I. 8 247999.0 

4938.12 
-1372.64 

40.39 2046.75 

ioo59752.a 

12665.6 356.2 
-2817.2  203357.6 
-24.5 -291934.8 

5713.10 384753.91 
53.46 27083411.00 

72. UOO t7oe3411.00 
3.6765 006 

-3.6763 -. 505 
-e0319 ,001 
2a.7148 -1090 
76.069U -.zoo 
53.47 -e79 
.0000 -1654.33 
1.26 -93.582 
000 

9462 
31.4643 

,000 ,000 
e GO .oo 

1384838.7 76.4105 

1803357,6 
i1088342.0 

179930.2 
177879.2 
S3Yt1.2 
5074.58 
5527.71 
40.47 

13268.2 
-2226.8  
-20.0 

3913.17 
59.01 
72.000 
3.3950 

-3.3946 
-SO305 
28.4241 
75.9549 

59.00 
.oooo 

1.02 
,000 
-9426 

31.5172 
.0uo 

,000 
178.1998 
169.2029 

437379.4 
5961 77 
98761.8 

64261175.7 
34465.1 
1908.03 
996.35 
119.46 

1803357.2 
-1187.2 
-1lP9.8 

.u59 
,001 
.005 
. O D 0  
.000 
,000 

72,7005 

-.a42 
5.554 
.000 

~68459.n~ 
6164.17 

,000 

28.4495 

-6177.950 

900 * 00 .oo 
1476303.2 76.1327 29.6867 

.oooo 
-00 

29.6205 

378646.2 
20909838.0 
3214879.3 

-18250465.0 
1G064954.5 

5133.30 
-1368.26 
2933.20 

189.8 
20B270.1 

-141667.9 
369046.87 

25876635.00 
25876635.09 -. 005 

,059 
1001 

-e099 
- .Ob0 
-.90 

-2105.54 
-74,490 

1000 
178.0926 
168.9412 

* 0000 

S- IB PROPELLANT SENSOR A C T I V A T I O N  ( T I E  BASE 2) 
430990.3 1801382~9 182174.1 
6083.07 23091866,O 20909838.0 
100765.9 185272.0 3220279.7 

34589.2 5640.3 10068032.3 
1944.67 5194.12 5248.26 
10~7.a7 3367.16 -1366.38 
119.27 40.53 2384.45 

1~013ez.7 13533,3 118.0 
-469.b -1797.1 2 12370.7 
-1199. LI -18 .1  -65994.0 

-043 6~34.59 319958.92 
58.64 25043500000 .001 . GO4 72.000 25043500.00 

.ooo 2.9985 -~004 . OO@ -2.99d3 I 043 

.ooo -e0302 ,001 
28  s 2930 28  rn 2676 -I 100 
12.6901 75.11917 -.020 

-b143.371 58.63 -e92 
-2400.91 - .042 .0000 
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. o m  ,000 ,000 
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-.1550 
-01628 

,0086 
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- 8 3  
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13015 
-.46 

80.1145 
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1039e73 

1143936.9 
1912.75 

10926516.4 
.oooo 

a 00 

16069817 
,0077 

80~0890 
28,6693 
28e3076 
133.63 
-.25 
-,09 
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902.3 

-5976 t 7 
,1396 

- 1  1642 
,0118 

1016.4 
- . 3  
-re  

1064 I 76 
133.6 
-1.52 

2 2 2 6 . 9 2  
1046.89 

122236408 
1920113 

10954665.1 
0000 

100 

16583489 
,0079 

80.0738 
28.6736 
28,5119 
135.49 -. 17 ._  
-.09 

117.1 
928.2 

-4579;5 
,0771 

-e1652 
00069 
1028 I 1  

-.3 
- r 8  

1059.42 
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-153 
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.oooo 
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TABLE AP 3-1 (Sheet 1 2  of 14)  
PREDICTED S-IB-204 STAGE POWERED FLIGHT TRAJECTORY 

134-1440 
7578.44 
1b3394.5 
192 172.4 
-167.7 
5628.57 
3497.43 

1.28 
1e10565, J 

-1255.0 
-1662.0 

3U.505 
.170 -. 003 

-5Y.42Y 
,000 
,300 

72.1723 
293.09 
-31,63 
15.52 
,000 

734745.0 
21317236.0 

,000 
100 

2e9.0276 

33.240 r 

iccn. ooso 
7649.23 
18PG76.1 
195175.8 
-166,b 
5498.92 
3513.54 

1.42 
O‘t4738.5 
-1 203 e 2 
-667.6 
30.916 

-151 - * on3 
-59.429 

* UOO 
,000 

33.0378 
72.1b59 
249.11 
-31.62 
14.20 
.000 

753619.2 
21322864a0 

,000 
I 00 

251.1986 

10360602 
198692.9 

-165.0 
5561.28 
3520.55 

921133.8 
-915.0 
-31910 
30.533 

. 1 0 L  
-.003 

-59 n 429 
,000 

i.5a 

1000 
32.8118 
72.1921 
242.79 
-31.61 
12.60 
I 000 
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21327904.0 

.ooo 
D 00 

2v2.89a~ 
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6457.66 
106974.5 

6431102.0 
34958.5 
2056.98 
1044.24 
118.67 

1792962.2 
-727.8 

-1241.0 
.OOG 
,001 
.001 
.ooo . OO@ 
.005 

27.8713 
72.6930 

6143.355 
-.042 
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.ooo 
92457.74 

.ooo 
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709063.6 

408724.1 
6525.57 
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1048.77 
118.54 
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-672.8 

~ 0 2 9  
-.055 
.Ob1 
,000 
.ooo 
.000 

27.7466 
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.ooo 
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6581.95 
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.ooo 

90050e.2 

,000 
27.5929 
72.7017 
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.ooo 
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-13.7 
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2.0795 
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27.6456 
75.7138 
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.oooo 
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31.6319 
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5630~52 
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40.77 
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-3.9 
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.oooo 
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6537.63 
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27.5671 
75.6627 

52.79 
.oooo 
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31.6605 

.ooo 
e 00 
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- s o 0 1  
.Ob0 
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-1.01 
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168.2789 
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-1356.21 
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PREDICTED 
TABLE AP 3-1 (Sheet 14 of 1 4 )  

S-IB-204 STAGE POWERED FLIGHT TRAJECTORY 
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TABLE AP 3-2 (Sheet 1 of 17) 
PREDICTED S- IVB-204  STAGE POWERED FLIGHT TRAJECTORY 

CONSTANT VALUE FOR THE ENTIRE ANALYSIS 
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32 31 

29 30 

33 

1 
2 
3 
4 
5 
b 
1 
8 

11 
12 
13 
14 

10 9 

15 16 

I1  
10 
19 20 

21 22 
23 
25 24 

29 30 

:: 

26 21 
28 

33 

2i 22 7:::4:: 

23 0.1494 
24 0.0000 

0 
M U  ALPHA. 

1 1 1 1  
T I 3 1  

0-TIC01 
SAF111 

THETA S R  C 
P S I  sa c 
PWI s0 c 

RlPERI 
R IAPI  

1 S 0  F 

25 0.0000 
26 0.0000 
21 110.195b 
20 30.5400 
29 0.0000 
30 0.0000 
31 
32 
33 

0-THETA 58 C 
n-PsI SB c 
n-PHI sn c 

VIPER1 
VIAPI 

S 58 F 

X 18 CG 
v sg CG 
2 I8 CG 

ECCENTRICITY 
INCLINATION 

V l F I  

0.0000 
0.0000 
0.0000 

PERIOD 
EIM 

MU si) F 

S-IVB EWINE IGNlTlW SEWENCE 
144.8400 

7756.3994 
215232.386 
212150.414 

-156.079 
9648 -9077 
3456.5524 

2.7653 
8034.086 
-46.213 
16.220 

30.5016 
-0.0100 
-0.0000 

-59.4600 
0.0000 
0.0000 

32.0456 
72.3310 

0.0000 
7.4963 

79.9292 
0.4643 
0.0000 
0.0000 
0.0000 

109.6063 
30.5400 

0.0000 
0.0000 

29b151.917 
6622.5311 

118973.334 
6431095.188 

35632.560 
212 b - 7743 
1029.0481 
111.2257 

0.000 -565.914 
-0.000 4 6 . 2 b l  

0.000 
-0,0529 059366% 
-0.0148 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 

26.9312 26.1906 
13.7363 71.6515 

0.0000 -b6.3160 
6.6116 0.2437 

28.7119 28.1517 
-0.4311 -0.1530 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 

350.6143 
-0.6489 
-0.1128 

0.000 
21122896.50 
408501.520 
209213.061 

60963.005 

%b:% 
387.1790 

213245.471 
20909652.00 

0,191 
.O.lI* 
0.001 

0.30011 
0.ilbO 
0.0001 

3.334 
-495.6% 

-1295.572 
105826.092 

2669257.1338 
2670913.106 

-0.0000 
-0.0529 
-0.0148 
0.0100 
0.0300 
0.0000 

417,5013 
-31,3649 

-565.9143 
0.000 
0.000 
0,000 
0.0000 

1926111.0000 

213247.V51 
0.3843 

302212.910 
71.9583 
44.5867 
0.8720 

-0.0050 
0.0011 

3 . 3 5 h  
-499.514 

-1294.992 
0.0386 
0.0100 

I 1 ~ 0 . 0 0 0 0  
2 7742.9057 
3 244446.231 
4 229621.320 

6 5695.9957 
1 3328.0602 
8 4.0613 
9 196507.434 

10 -322.909 
11 -788.982 
12 30.2600 
13 0.3632 
I4 0.0000 
15 -59.4100 
16 0,0000 
17 0.0000 
18 30.9589 
19 72.3858 
20 429.4556 
21 3.5b3b 
22 19.8431 
23 0.5491 
24 0.0000 
25 0.0000 
2 6  0.0000 
27 110.5107 
20 30.5400 
29 0.0000 
30 0.0000 

33 

5 -1311.179 

2 

294841.914 
6391.0027 

129957.744 
6442294.615 

36242.015 
2139.4197 

989.3298 
117.9408 

196772.207 
-341.651 
-718.913 

O.OZb2 
0.1609 
0.0000 
0.0000 
0.0000 
0.0000 

25.9949 
15.7604 

431.4596 

20.7358 
0.5031 
0.0000 
0.0000 
0.0000 

6.0299 

196774.059 
21140658.73 
444345.570 
226271.553 

62962.321 
7019.0800 3245.1263 

386.94b1 
-164.772 

24.870 
-10.801 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

23.9554 
75.6048 

-4¶0.1898 
0.1085 

28.3156 
0.2187 
0.0000 
0.0000 
0.0000 

350.7222 
-0.4494 
-0.7135 

231032.293 
20909627.50 

24.521 
14.212 
-0.032 

11.7956 
9.1126 

-0.0102 
-10.384 

-4263.627 
105059.6l5 624.015 

2668187.219 
2669843.625 

-0.0002 
0,0262 
0.1409 

-0.2268 
0.1012 

-441.6049 
388.2371 
-31,5110 

-264.7725 
0.000 
0.000 
0 ,000  

0.0000 
191674.0156 

211979.04b 
0.6631 

3353?9.162 
71.9b7L 
43.2007 
21.4u35 
-0.0352 
-0.0861 

-1.08. 
295.567 
72b.962 
o.2too 

-0.3632 
0.0000 

-0.0262 
-0.1409 

0.0000 
-0.0114 
*0.0210 

193076,553 
696.991 
-0.0b2Z 

6591.009 
0.0000 
0.0000 
0.0~00 
0.0000 

36017.546b 

. -. 
0.0000 
0.0529 
0.014% 
0.0000 . . .. 
0 . 0 1 3 4  
0.0442 
0.000 

692.233 
-0.04ZS 

6622.531 
0.0000 
0.0000 
0.0000 
0.0000 

3bZb5.0000 0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 

1 
2 
3 

1 5 5 ~ 0 0 0 0  
7706.2944 

273150.934 
246C17.1179 

-117.315 
5788.3431 
3231.9413 

4.5440 
220395.160 

-301.231 
-618.590 
30.3240 
0.4140 
0.0000 

-59.4600 
0.0000 
(1.0000 

29.9159 
72.4302 

425.1375 
1.6937 

79.7600 
1.7252 
0.0000 
0.0000 
0.0000 

111.3071 
30.5100 
0.0000 
0.0000 

292449.734 
6629.50W. 

140724.111 

36830.243 
2167.9021 

958.5565 
117.3529 

220519.205 
-340.7bO 

-0.0048 
-0.0014 
-0.0000 

0.0000 
0.0000 
0.0000 

25.1275 
75.7555 

430.9852 
7.1042 

28.7592 
1 m7053 
0.0000 
0.0000 
0.OO00 

6*47163.1n8 

-612.4an 

220520.322 
21157310.50 

179161,449 
242244.417 

64892 ,4 11 
7112.52511 
3144.11578 

385.0153 
-12L.Ok3 

39.475 
-6.040 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
21.0880 
75.6821 

-517.96YO 
0.0479 

28.5991 
0.2613 
0.0000 
0.0000 
0.0000 

247778.066 
20909603.50 115.368 

101.973 
-1.328 

45.2Eb5 
26.3613 
-0.4473 

-5,288 
550.032 
-25.007 

104935.925 
2666280.156 
2b679b6.563 

0.0000 
-0.0048 
-0.0094 
-0.1591 
0.0885 

-4611.6315 
362.3810 
-31,4619 

-124.0433 
0.000 
0.000 
0.000 

189669.4844 0.0000 

270173,277 
0.7403 

367bO8.160 
71.9756 
42.00Bi 
24.24bV 
-0.0331 
-0.0681 
-8,586 
16q.679 

1160.599 
0.2160 

-0.4140 
0.0000 
0.0048 
0.009b 
0.0000 

-0.OOZb 
0.0030 

201582.401 
702.084 
-0t0420 

6629.508 
0.0000 
0.0000 
0.0000 
0.0000 

35629.9800 

145.0000 
7714.2134 

216136.102 
212103.084 

-156.222 
5640.9009 
3451 .b177 

2.8071 
8047.2b2 
-42.291 

16.100 
30.6926 
-0.0129 
0.0000 

-59 .4~00 
d.oooo 
0.0000 

32.0122 
72.3335 

0.0000 
7.2853 

79.9265 
0.4392 

29614b.5b3 
b619.9996 

119313.210 
b431259.813 

316511416 
2124.1820 
1028.3305 
118.2193 

0.000 
-0.000 
0.080 

-0.05?2 
-0.0105 
O.OODO 
O.OO0O 0.0000 
0.0000 0.0000 
0.0000 0.0000 

26.*010 26.1616 
13.7311 75.6591 

0.0000 -6b.3160 
6.blb6 0.2317 

28.7126 21.1321 
.. . -0.b105 -0.1563 
0.0000 0.0000 0.OOOO 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 

109.6339 
30.5600 

0.0000 
0.0000 

0.000 
21123457.73 
409622.083 
209753,262 

61025.06b 
6971.0362 
3373.7010 

381-8578 
-552.1Sl 

4 2 . 3 2 1  
1b.lOil 

0.0000 
0.0000 

8599.9999 

2131106.Bl4 
20909651a25 

0.2k9 
0.144 
0.001 

0.3316 
0.1954 
0.0009 

3.111 
-491. em 

-118*.887 
105826.092 

2b69257.938 
2670913.106 

-0.OOOO 
.0.01?2 
-0.01b5 
0.0120 
0.0114 
O.OOOO 

4Ib.5bb1 
-31.1632 

-532.?5?5 
0.000 
0.000 
0,000 

0.0000 
19265O.0000 

214137.479 
0.3860 

303244.750 
71.9586 
44.1512 

0.8749 
-0.0046 

0.0017 
1.111 

-691.462 
-1186.260 

0.0674 
0.012s 
0.0000 
0.011L 
0.0165 
0.0000 
0.011b 
0.0970 

0.000 
692.331 
-0.ObZB 

6bZO.000 
0.0000 
0.0000 
O.OOO0 
0.0000 

3b265.0000 

4 
3 
6 
7 
B 
9 

IO 
11 I2 
13 
I4 
15 
16 
17 
I 0  
19 
20 
21 22 
23 
24 
25 
26 27 

29 
30 
31 
32 
33 

21) 0.0000 
0.0000 
0.0000 

350.6189 
-0.1510 
-0.7170 

0.0000 
0.0000 
0.0000 
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PREDICTED S-IVB- 204 STAGE POWERED FLIGHT TRAJECTORY 

289646.129 
6674.3836 

151641.066 
6451882.875 

37415.535 
2198.9053 

929.3685 
116,7556 

220773.549 
-433.411 

-1360-  141 
0.0507 

-0.1033 
0.0000 
0.1054 

-1.0000 
0.0000 

2 4 . 2 8 3 8  
75.7490 

428.6433 

220780.168 
21173613.50 

515686.910 
2S7728.971 

66812.649 

3069.1034 
383.0557 

-56.102 
29.502 
-2.442 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

24.2443 
75.6790 

-518,0979 
0 .0204  

28.6229 
0 .2330  
4.5947 
0.0000 
0.0000 

350.7807 
-0.4552 
-0.7226 

7214.2422 

298810.270 
0.8189 

400036.395 
71 .9123  

1 
2 
3 
4 
5 
6 

8 
9 

10 
11 
12 
13  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

223142.193 310696.672 
20909504.00 

23791086 
1385.021 

9 .594  

387516.1111 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2 8  
29 
30 
31 
32 
3 3  

1  
2  
3 
4 
5 
6 
7 
8 
9  

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23  
2 4  
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4  
5  
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27  
28 
29 
30 
31 
32 
33 

1 6 0 ~ 0 0 0 0  
7841.4950 

302343.809 
261949.848 

-93.190 
5889.0020 
3141.1161 

5.0987 
220719.365 

-403 ,961  
-1363.190 

30.3125 
0 .3935  
0.0000 

-59.1694 
-0.8600 
0.0001) 

28.8927 
72 .4759  

426.1271 
0.7846 

79.6748 
2.8224 

315.0500 
11 8 e9791 

0.0000 
112.0420 

30.6306 
-0.8600 

0.0000 

1.0619 
498720,236 

72.0165 
38.00211 
25.4771 
-0.0475 
-0.0747 

-0.131 
-71.799 
108.646 

0 .0107  
-0.4291 

0.0000 
0.1733 
0 .0043  
0.0000 

-0.0008 
-0 .0012  

21664P.150 

-0.0416 
6832.622 

1908.9821 
1590.3856 - 13.2981 

0.0000 
34033.7183 

7oa.1187 

77 .3926  2 i . 5 1 7 6  
45.0720 -0.0449 
-0.8285 - 0 , l S l b  
-27.366 -1.169 

176.4933 
101.9705 

3.6259 

3 
-4.344 

3.637 
2.398 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

21.8082 
75.8109 

-525.9290 
0.0016 

28.6950 
-2.9630 -4 .3443  

4.5953 -1879358.031 
0.0000 61887118.625 
0.0000 

- .... 
-15074.102 

-. . 
59.334 

880.621 
0.3181 

-1.2535 
0.0000 

-0.0087 
0.0087 

-0.1033 
-0.3530 

0.1125 
-489.2907 209606;33D 

337.9988 7011.115 
-31.4134 -0 .0419  
-56.3822 b6741385 

-1904539.297 1716.3215 
6165467.625 1583 ,4469  

1770.461 
0.0000 

187475.7891 

0 .1033  
0.0000 

-0.3209 
0 .0349  

-0. i i 3 3  

-0 .1687 

386 
350.5529 
-31.2756 

n-1081 

271.0000 
7.2791 

0.0000 
0.0000 
0 ,0000  

-1 1.6460 
0.0000 

33234.1709 

1571;189 
0.0000 

180820.6465 0.0000 
0 .0000  
0 .0000  

390.9797 
-0.4672 
-0.7406 0 .0000  

165.0000 
7960.2629 

332042.383 
27743? .691  

287040.461 280030.035 
20909554.25 

949.901 
553.228 

-1.169 
109.8320 
64.1349 
-0.1125 

11.060 
18855,498 
-7575.150 

104076.679 
2659713.906 
2661377.219 

-0.0055 
-0.1040 
-0.2000 

0.0720 
0.0043 

-498.7314 
325 . l700  
-31 .3662  
-24.1313 

-1914501.750 
6167729.250 

1709.940 
0.0000 

181268.8633 

327901.629 
0 .8981  

432689.410 
71.919b 
39,879? 
24.8899 

0 .0004  
0 .0321  
-0,629 

-432.101 
584.321 
-0.1005 
-0.2523 

0.0000 
0.1040 
0.2000 
0.0000 

-U.1266 
0.0391 

213114.518 

-0.0418 
6723.185 

1822.052b 
1570.8678 - 13.2087 

0.0000 
34835.4722 

712 .11a  

1 
2 
3  
4 
5 
6 
7 
8 
9  

10 
11 
12 
13 
14 
15 
l b  
17 
18 
19 
20 
21 
22 
23 
2 4  
25 
26 
27 
28 
29 
30 
31 

8098,4608 180.0000 

424244.066 
321204.863 

262.094 
6306.2599 
2783.3740 

33.9320 
223718.400 

-422.033 
-662.b32 

27 .9060  
-2.9630 

0.0000 
-62.0546 

-3.3968 
0.0000 

24 .9583  
72 .9080  

424 ,5318  
0 . 0 2 7 7  

79.3194 
5.5710 

295 .8000  
115.5660 

0 .0000  
114.5202 

27.9454 
-3.3968 

0 . 0 0 0 0  

279158.105 
6893,2747 

196886.641 
6669318.875 

39795.288 
2327.1852 

813.8492 
122.2095 

223720.404 
-424.733 
-663.695 

-0.1533 
-0.00?15 
-0.0000 
-0.1518 
-0 .0063  

0 , 0 0 0 0  
21.0489 
75 .9350  

425.9436 
7 .2633  

28.8805 
4.7439 

527.7712 
271.0000 

-0.1901 

223721.793 
2123*915.50 

664128.109 314933,730 

74620.222 
7635.1073 
2670.1030 

400.9491 
-2.004 

1.773 
1.093 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

21.0099 
7 5 .  8153 

-526.9815 
0 .0007  

28.7206 
-2.9358 

4.5946 
0.0000 
0.0000 

351.0882 
-0.4713 
-0.7469 

418048,736 
1.1453 

532123.486 
72.035b 

- - 6 i i 4 3 i  3i.i3oi 
25.7846 
-0.0486 
-0.0761 
-0.061 

3.730 -32.457 
132.659 52.398 

1 0 4 0 6 0 ~ 6 6 1  0.0393 
2650791.094 - 0 . 4 3 3 8  
2652461.781 0.0000 

-0 .0080 0.1551 
-0.1151 0 .0055  
-0.0055 0.0000 
-0 .1700 -0.0006 

0.1088 -O.OOOB 
217713.303 

705.266 
-0.0415 

6893.275 

292.070 
30.7018 
-3.0429 
o.nono 

-0 .1042 
-0.2000 

0.0019 
-0.1999 
-0.0110 

0.0000 
0.0000 
0.0000 
0.00b0 
0 .0000  
0 .0000  

23.4221 
79.7n55 

. .... 
-59.3989 

-3.2952 
0.0000 

27.8940 
72.5576 

423.8Q48 
.. --. 

-524.0141 
0 .0084  

28.6469 
-3.1802 

4 .5976  
0.0000 
0 .0000  

271 * O O O O  
-0 .4378 

6195477.000 
1524.538 

0.0000 
178588.9219 0.0000 

0.0000 
0 .0000  

350.8293 
-0.4591 
-0.7205 

0.0000 
0 .0000  
0 .0000  o.ooon 

32 
33 

276520.404 224283.357 339184.234 
6957.8975 21249235.00 20909652.75 

200606.154 702377.883 4418.927 
6473314.813 328043.633 2588 ,640  

40410.568 76638.854 64.845 
2360.7276 7745.1544 245.9194 

784.4906 2573.7131 138.5847 
123.9106 40b.5302 7.4554 

224281.911 -0.976 0.196 
-427.798 0 .921  1.201 
-671.678 0.528 75.445 

-0.1468 0.0000 1C4055.304 
-0.0053 0.0000 2652734.000 
-0.0000 0.0000 26544271188 
-0.14zn 0.0000 -0 .0076 
-0.0060 0.0000 -0 .1446 

0.0000 0.0000 -0 .0053 

170.0000 284417.703 222610.896 295560.807 337173.879 1 185.0000 
7962.7254 6775.9292 21205088.50 20909529.25 0 .9793  2 8171.7214 

3 456041.828 
4 334891.082 

5.889 38589.790 70665.185 -3.898 38.916). 5  453.051 
6 6415.6160 
7 2692.6176 

17.4650 118.9160 390.1437 1.7709 -0.0739 8 42.4922 
222599.313 222609.529 -10.215 -0.229 -0 .28b  9 224280.965 

10 -426.010 
11 -671.181 
12 27.1581 
13  -2.9891 
14 0.0000 

-60.3806 -0 .1857 0.0000 -0 .0097 0 .1926  15 -62.7051 
16 -3.4273 
11  0.0000 
18 23.9960 
19 73.0249 

424.0137 426.7059 -525.0054 -504.6345 215226.926 20 424.7678 
0.1454 7.6598 0.0035 325.6406 713.195 21 0.0132 

79.5001 28.8313 28.6713 -31.3203 -0.0417 22 79.2267 
5.2406 4.3216 -2.9698 -10.2150 6773.929 23 5.8296 

304.5500 539.7697 4.5965 .1096720.516 1865.2311 2 4  290.5500 
116.8020 271.0000 0.0000 6178424,438 1550.6279 25 115.0910 

113.3599 0.0000 o.oooe 27 115.0533 
29.6194 0.0000 330.m8-3  i e . 3 0 o . n b 7  36434.5010 28 27.2149 
-3.3302 0.0000 -0 .4631 29 -3 .4273  

0.0000 0.0000 -0.7345 30 0.0000 

362251.723 173943.420 588855.227 1581.144 4b5579.931 
292469.996 6460889.063 287276.930 921 .861  12.0009 

6093.6247 2261,8733 7420.8296 142.7992 25.1810 
2963.2162 871.9615 2860 .7834  83.2399 -0.0461 

-407.112 -416.503 8 .244  -328.476 -171.350 
-653.520 -659.011 1 .655  342.514 249.310 

29.6415 -0.1928 0.0000 104071.349 -0.0221 
-2.8182 -0 .0170 0.0000 2656866.688 -0.4420 
-0.0000 -0.0001 0.0000 2658532.469 0.0000 

-3.3302 -0.OOT’S 0.0000 -0.1926 0 .0170  
0.0000 0.0000 0.0000 -0.0170 0.0001) 

26.9lOS 22.6525 22.6132 -0.1696 0 .0105  
72.6756 75.8272 71.7625 0.1072 -0.003b 

0.0000 -0 .3580 0 .0000  16401772 -13.2051 26 0.0000 

31 
32 
33 

20.2591 20.2203 -0 .1916 
75.9903 75.9331 0 .1093  

425.7688 -528.0107 -513.5200 

28.9014 Zi:% !$!:%t 6.9919 

5.0612 -2.9078 -0a97b3 
521.2539 411936 -1851708.438 
271.0000 0.0000 6205231.625 

-0.1462 0.0000 1454.173 
0.0000 

0.0000 331.2245 176351.6179 
0.0000 -0.47S6 
0.0000 -0 .7533 
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TABLE AP 3-2 (Sheet 3 of 1 7 )  
PREDICTED S-IVB-204 STAGE POWERED FLIGHT TRAJECTORY 

1 
2 
3 

190.0000 
8248.3976 

488403.051 
3481301300 

687.337 
6526.7189 
2601.4513 
51.2644 

224316.109 
-429.782 
-677.299 
26.4508 
-3.0160 
0.0000 

-63.41106 
-3.4570 
0.0000 
23.0454 
73.1411 

424.6622 
0.0069 

79.1324 
6.1192 

285.3000 
114.6993 
0.0000 

11  5.5598 
26.5194 
-3.4570 
0.0000 

273879.918 
7026.31114 

220494.732 
6177163.438 
41034.442 
2394.7972 
754.9449 
125.6461 

224316.625 
-431.131 
-677.563 
-0.1315 
-0.OC52 
-0.0000 
-0.1365 
-0.OOS9 
0.0000 
19.4790 
76.0466 

425.6430 
6.7603 
28.9307 
5.4017 

514.9515 
271.0000 
-0.1234 

224318.064 

741582.328 
340670.426 
78685.68 1 
7656.9310 
2476.8486 
b12.2238 
-0.515 
0.519 
0.276 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
19.4404 
75.9918 

-528.2236 

28.7708 
-2.8790 
4.5927 
0.0000 
0.0000 

~i2b3159.00 

0.0002 

353733.355 
20909426.75 

5807.432 
3326.493 
107.041 

281.5772 
156.5124 
9.4288 
0.178 
1.413 

57.164 
104049.941 

2657431.375 
2659107.013 

-0.0073 
-0.1383 
-0.0052 
-0.1731 
0.1101 

-515.2621 
449.5334 
-31.1491 
-0.5152 

-1835526.594 
6214116.813 

1383.366 
0.0000 

174111.5645 

4110622.320 
1.3170 

599776.922 

35.4809 
26.3513 
-0.0505 
-0.0796 
-0.022 
-7.936 
14.900 
0.0685 
-0.4110 

0.0000 
0.1313 
0 .0052  
0.0000 

-0.0003 
0.0003 

219251.447 
695.205 
-0.0416 

72.0aot. 

1 205.0000 
2 8498.0196 
3 588862.406 
4 385083.457 < 
5 1660.646 
6 6870.2932 
7 2325.0286 
0 78.8867 
9 224521.069 
10 -444.453 
11 -698.317 
12 24.5951 
13 -3.2343 
14 0.0000 
15 -65.2i67 
16 -3.7889 
17 0 . 0 0 0 ~  
18 20.2770 
19 73.4922 
20 424.3669 
21 0.0013 
22 78.8396 
23 7.2507 
2 4  269.5500 
25 114.3963 
26 0.0000 
27 116.9465 
28 24.7233 
29 -3.7889 
30 0.0000 

:? 

265950.035 
7253.4756 
257199.461 
r407816.500 
42959.277 
2499.0890 
665.2223 
131.0663 

224521.979 
-445.216 
-697.909 
-0.1047 
-0.0775 
0.0000 
-0.1007 
-0.0590 
0.0000 
17,2065 
76.2220 

425.3438 
5.8194 

29.0079 
' 6,6429 
490.2488 
271.0000 
0.0316 

224123,506 
21302559.75 
862001.430 
375621.234 
85000.743 
8201.7196 
2182.4837 
430.0068 
-0.108 
0.133 
0.058 
0.0000 
O.UOO0 
0.0000 
0.0000 
0.0000 
0.0000 
17.1684 
76.1740 

-529.0751 
0.0001 

2 8 . 1 4 8 0  
-2.9321 
4.5904 
0.0003 
0.0057 

393213.797 
20909347100 

10852.547 
6069.082 
294.126 
391.9446 
208.8312 
15.5882 
0,238 

-55.439 
104032.247 97.188 

2650982.075 
26526661656 

-0.0059 
-0.1045 
-0.0775 0.0000 
-0.1781 0.0069 
0.1136 -0.0002 

-511.7932 220613.82l 
616.5027 680,000 
-31.0331 -0.0411 
-0.1083 7253.476 

-1788465,813 2165,4713 
6241599.138 1417.63bS 

1168.621 -13.7199 
0 * 0000 

167385.6699 

5'18401.891 
1 .5849  

703591.133 
72.1616 
33.1828 
27.1621 
-0.0536 
-0,0845 

-0.006 
-1.603 
3.634 
0.1279 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

% 

-0.5546 
0.0000 
0.1045 
0.0775 

. ._ 
7026,319 
2027.9255 
1477.0321 
-13.5260 

0 .0000  o.0000 
31628.6990 0 .0000  

0.00fJ0 
0.0000 

351.3758 
-0.4799 
-0.7598 

0.0000 
0.0000 
0.0000 

352.0340 
-0.4941 
-0.781 1 

32832.5103 

31  
_-  
3 3  

1 
2 
3 
4 

195.0000 
8328.3467 
521318.316 
360908.691 

966.053 
6639.6420 
2509.7304 
60.2431 

224381.109 
-436.735 
-683.203 
25.7761 
-3,0414 
0.0000 

-64.1388 
-3.4157 
0.0000 
22.1078 
73.2579 

424.5594 
0.0037 
79.0365 
6.4332 

280.0500 
114.4237 
0.0000 

116,0426 
25.8612 
-3.4057 
0.0000 

271238.011 
7098.3956 
232554.873 

0480863.875 
41667.075 
2429.3521 
725.2062 
127.4141 

224311.395 
-437.825 
-683.324 
-0.1305 
-0.0050 
-0.0000 
-0.1262 
-0.0056 

0 ~ 0 0 0 0  
18.7095 
76.1039 

425.5317 
6.4483 
28.9562 
5.7772 

J08.9449 
271 .0000 
-0.0714 

224312.865 
2121Lb87.75 
781149.641 
352810.930 

7970.2996 
2379.2742 
418.0244 

-0.285 
0,307 
0.151 

0 .0000  
0.0000 
0 .0000  
0 .0000  
0.0000 
0.0000 
18.6711 
76.0514 

-528.5041 
0.0001 
28.7963 
-2.8495 
4.5918 
0.0000 

80761.242 

367288.781 
20909400.50 

7305.649 
4153.330 
159.195 

317.8047 
176,1809 
11.4390 
0.370 
2.387 

113.337 
104044.568 

2657112,281 
2658830.469 

-0.0069 
-0.1303 
-0.0050 
-0.1745 
0.1118 

-116.6598 
504 e2674 
-31.1095 

-0 .2850  
-1819473.594 

-... 6223972.625 
0 .0000  1312.147 

0.0000 
351.5669 171870.5645 
-0.4844 
-0.7665 

512683.723 
1.6048 

635057.055 
72.1062 
34.6940 
26.6159 
-0.05 18 
-0.0810 
-0.01r 
- 4 . 2 6 2  
8.637 

0.0850 
-0.4443 
0.0000 
0.1303 
0.0050 
0.0000 
-0.0001 
0.0009 

219795.246 
688.96b 
-0.0413 
7098.396 

2073.3861 
1457.1099 
-13.6019 

0.0000 
32431.7021 

1 
2 
3 
4 
5 
6 

8 
9 
10 
11 
12 

210.0000 
' 8587.6979 
621507.359 
396476.727 
2080.531 
6987.9825 
2232.2549 
89.2070 

224566,164 
-445,498 
-690.465 
24.0918 

263304.332 
7336.4037 
2C9788.56b 

6491067.1118 
43619.720 
2535.8399 
635.0427 
133.1503 

224566.236 
-646.179 

224567.742 
21314906.00 
903307.195 
386286.203 
87161.548 
8319.6687 
2083.4694 
436.8440 
-0.071 

_._ 0.092 
-690.294 0.040 
-0.0978 0 .0000  

4055871566 
20909319.75 

12906.716 
7155.920 
377.819 

429.8218 
225.8777 
17.9270 
0.609 

231.532 
36.489 

104026.753 

612076.477 
1.6772 

738890.469 
72.1912 
32.4513 
27.4405 
-0.0544 
-0.0844 
-0.006 
-1.108 
2.512 
0.1386 

10 
1 1  
12 
13 
14 
15 

0 .0000  2647827.344 -0.4942 13 -3.5171 -0.0350 

15 -65.7693 -0.0958 0.0000 -0.0060 0,0976 
I0 - 4 . 0 1 1 3  - 0 , 0 2 6 5  0 .0000  -0.0976 0.0350 

14 0.0000 0.0000 0.0000 2649513.719 0.0000 

16 
17 
18 
20 19 

21 22 

23 
25 24 

26 
21 
28 
29 

0.0000 
18 19.31187 16.4714 16.4374 -0.1761 -0.0035 
19 73.6151 76.2874 70.2415 0.1138 -0.0001 
20 424.4935 425.2687 .529.0216 -519.6287 220933.6911 

0 .0000  779.6100 680.000 
22 78.7386 29.03b1 21.8742 -30.9978 -0.0511 
23 1.7933 7.1406 -3.1545 -0.0712 7336.40b 
24  264.3000 493.2940 (-5899 -1773405.172 2212.087* 

0.0007 6210008.688 1398.1328 25 114.5348 271.0000 
26 0 .0000  0.0514 0 .0086  1096.921 -13.5547 

0.0000 -0.0350 i i  0 .0660  o.olioo 

21 0.0008 5.3599 

0.0000 
0.0000 
0 .0000  30 

2 
33 

._ 
33  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 12 
13 
14 
15 

:; 
18 
19 
20 
21 
22 
23 
24 
25 
26 27 

28 
29 30 

31 32 

33 

200.0000 
8411.5614 

554802.039 
373226.977 

1290.113 
6754.1570 
2417.5566 
69.431 1 

224449.600 
- 4 4 0 . 2 8 4  
-689.056 
2 5.1543 
-3.0658 
-0.0000 
-64.7103 
-3.5133 
0.0000 
21.1848 
73.3747 

424.4590 

,:::%a 
6.7887 

274.8000 
114.3372 

268594.762 
7174.1227 

244788.996 
6484415.188 
42308.629 
2464.3867 
695-2868 
129.2149 

224449.770 
-441.189 
-689.115 
-0.1184 

224451.264 
21289821.21 
821287.758 
364b62.090 
821166.075 
8085.2424 
2281.1203 
423.9324 
-0.168 

380448.617 
20909373.75 

8986.420 
5067.900 
221.492 

3S4.3976 
191.6101 
13.4861 

0 .346  

21 5.0000 
8680.3920 
658744.297 
407405.512 
2553.691 

7107,0180 
2139.2265 
100.1348 

224241.732 
-448.212 
-700.100 
23.6108 
-3.6437 
0.0000 

-66.2436 
-4.1190 

0.0000 
18.5183 
73.7413 

425.0283 
0.0006 

78.6358 
8.2777 

260. 8000 
114.6467 
0.0000 

117.78 10 
23.7564 
-4.1190 

0.0000 

210663.760 
1422.7076 
282558.445 
b496166.688 
44291.018 
2512.1880 
604.7455 
135.3804 

224241.783 
-448.850 
-700.622 
-0.0948 
-0.0177 
-0.0000 
-0.0939 
-0.0169 
0.0000 
15.7519 
76.35b5 
425.2369 

5.01b4 
29.0606 
7.6425 

490.0451 
271.0000 
0.0576 

bbb306.055 1.7710 

774551.166 
72.2221 
31.7348 
27.6784 
-0.0553 
-0.0865 

-0.003 
-0.787 
1.072 

0.1453 
-0.4151 
0.0000 
0.0946 
0.017T 
0.ODOO 
-0.0008 
0.0001 

221390.236 
680.000 
-0.0410 

2243.3699 
1385.1862 
-13.3550 
0.0000 

30824.3111 

7422.ioa 

0.194 1.917 
0.088 102.718 

0.0000 104039.189 
0.0000 2654204.281 
0.0000 2655884.969 
0.0000 -0.0063 

0.0000 -0.0048 
17.9133 -0.1759 
76.1120 0.1126 

-528.7902 -511.1155 
0.0001 576.4677 

28.8220 -31.0710 
-2.8189 -0.1600 
4.5911 -1803174.906 
0.0000 6232935,563 
0.0000 1260.552 

0,0000 
351.7796 169628.5977 

0.0000 -0.1182 

4 . 4 8 8 9  
-0.7733 

-0.0068 
-0.0000 
-0.1160 
-0.0054 
0.0000 
17.9516 
76.1622 

425.4339 
6.0953 

28.9819 
6.18¶7 

S03.4129 
271.0000 
-0.0093 

0.0000 
Os0000 
0.0000 

0.0060 
116.5041 
25.2597 
-3.5133 

0.0000 

0.0000 
0.0000 
0.0000 30 

31 
32 
33 
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TABLE AP 3-2 (Sheet 4 of 17) 
PREDICTED S-IVB-204 STAGE POWERED FLIGHT TRAJECTORY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
20 19 

21 2 2  
23 
24  
25 
26 27 

28 
29 
30 
31 
32 
33 

220.0000 258027.104 
8776.0880 1512.3745 

694580.063 295511.059 
417868.523 6497114.438 

6nio9a.m 
1.8663 

81059Y.20B 
72.2543 
31.0314 
27.9443 
-0.0567 
-0.0881 
-0.00s 
-0,582 

1 e47b 
0.1578 

-0.4664 
0.0000 
0.0890 
0.0086 
0.0000 
-0.0004 
0.0002 

221397.170 
68n.000 
-0.0409 

7512.375 
2290.6059 
1365.8262 
-12.9900 
0.0000 

30422.1279 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  
15 
16 
17 
I8 
19 
20 
2 1  
22 
23 
2 4  
25 
26 
27 
28 
29 
30 .I. 

235.0000 
9081,8583 
805755.211 
446456.023 

5017,500 
7598.3323 1765.6710 

146.8741 
224524.1@6 
-459.501 
-729.988 

21.8071 
-3.7480 
0.0000 

-67.9524 

250112.865 
1802.1616 
335486.777 

6505042.813 
47OS3.278 
2721.8877 
482.7063 
144.9456 

224524.207 
-460.075 
-730.001 
-0.0893 
0.0004 
0.0000 
-0.09 17 
-0.0002 
0.0000 
13.0495 
76.6478 

425.2088 
4.2619 

29.1687 
9.6615 

471.7967 
271.0000 
0.0600 

224521.867 
21370813.f0 

432137.887 
9t563.711 
8930.0605 
1583.6791 

iii8as2.094 

788931.531 
2.1618 

921189.001 
72.3561 
28.9196 
28.8129 
-0.0591 
-0.0939 
-0.002 
-0.211b 
0.898 

0.1601 
-0.4631 
0.0000 
0.0892 

-0.0004 
0.0000 
-0.0003 
-0.0001 

221898.166 
680.000 

20909180.50 461634.957 

26087.806 
138h6.503 
987.348 
626.8896 
308.8370 
31.0638 

-0.020 -0.205 
0 .033  
0.010 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
13.0125 
76.6118 

-528.0592 
0.0000 
29.0087 
-3.0673 
4.5879 
0.0021 
0.0113 

354.0058 
-0.5240 
-0.8261 

. .._. 
91609.848 582.211 

7227.5414 2608.9395 
2045.9709 374.3388 
111.4443 137.7115 

224105.713 224105.752 
-454.687 -455.277 

~ _..__ 
8555.i963 507.0599 
1814.3100 259.4548 
451.8084 23.0112 
-0.033 0.445 

O.OS4 67.491 

475-5422 

-708.241 -708.210 
23.1b79 -0.0892 
-3.7076 -0.9006 

n.nnno -n.oonn 

.. 
0.021 07&3 
0.0000 104015.733 
0.0000 2641203.250 
0.0000 2642894.668 

0.0000 -0.0890 
0.0000 -0.0086 
15.0198 -0.1811 
76.3860 0.1164 

-52710612 -520.7543 
0.0000 1031.3067 

28.9273 -30.9293 
-3.2177 -0.0377 
4.5890 -1748492.828 
0.0013 6263568.500 
0.0106 980.629 

0.0000 
352.9020 160669.4141 

o.0000 -0.00511 

-0.5086 

..-... . ..__ 
-66.6939 -0.0849 

-4.2137 
J.0000 
15.2378 
74.2516 

..._.. 
-0.0897 
0.oooS 
-0.1863 
0.1174 

-521.9380 
1394.6087 
-30.8354 
-0 0 198 

-1704320.797 
6286346.750 

785,702 
0.0000 

133963.4492 

425.1987 4 2 Y . 2 i 8 3  
0.0004 4.7559 
78.5312 29.0872 
8.7411 1.1463 

255.5500 485.3491 
114.8769 271.0000 
0.0000 0.0889 

118.1761 
23.3061 0.0000 
-4.1140 0.0000 
0.0000 0.0000 

@.0000 
29213.9561 0.0000 

0.0000 
0.0000 

-4.2137 
0.0000 

j; 
33 

225.0000 255392.145 
8 8 7 4 . 8 2 3 5  1605.4378 

731021.906 908648.469 
427864.793 6499909.875 
3668.546 45668.210 
7349.4930 2646.1128 
1952.5625 5 4 3 , 8 4 4 6  
123.0323 140.0877 

224275.959 224275.990 
-456.596 -457.137 
-715.991 -715.915 
22.7209 -0.0825 
-3.7374 -0.0038 
0.0000 -3.0000 

-67,1097 -0.0812 
-4.2010 -0.0037 
0.0000 0.0000 

16.8362 14.3716 
73.9965 76.5002 

424.9375 425.22111 
0.0003 4.5527 

9.2129 8.6631 
250.3000 480.8852 
115.1922 271.0000 
0.0000 0.1104 

118.5581 

18.*t*a 29.1141 

22.8903 0.0000 
- 4 . 2 0 1 0  0.0000 
0.0000 0.0000 

2242771600 
21349605.25 
1030000~035 
415291.652 
93888.302 
0681.4556 
17114.2636 
459.6044 
-0.029 
0.045 
0.016 
0.0000 
0.0000 
0.0000 
0.0000 0.0823 
o;oooo 0.0038 
0.0000 0.0000 
14.3342 -0.1829 -0.0003 
.tb.&bOb 0.1168 0.0001 

-521.1596 221372.750 
0.0000 1161.2762 680.000 
28.9542 -30.8969 -0.04O9 
-3.1834 -0.0295 7605.438 
4.5886 -1733753.969 2338.t976 

6271407.815 1346.6326 - 12.5a45 
0.0000 

30019.7590 

440370.371 
20909237.00 

716461.8911 
1.9632 

817031.516 
12.2875 
30.3400 
28.2540 
-0.0575 
-0.0902 
-0.002 
-0.44s 
1.216 

0.1690 
-0.4636 
0.0000 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

:r; 
18 
19 
20 
21 
22 
23 
2 4  
25 
26 
27  
2s 
29 
30 

33 
:: 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24  
25 
26 
27 
28 
29 
30 
3 1  
32 
33 

240.0000 247474.141 224349.584 471698.953 
9190.0171 7905,6640 21380849.75 20909151.15 
844063.141 349192.441 1163818.094 29314.714 
455050.375 6507379.625 439804.660 15431.288 

5782.210 47824.156 100961.601 1149.525 
7725.1875 2760.4787 9056.6710 667.9625 
1672.0342 452.0144 1482.9839 325.0481 

224347.873 2 2 4 3 4 7 . 8 9 1  -0.017 -0.064 
-465.283 -465.891 0.029 -1.214 
-735.603 -735.616 0.009 -29.916 

2 1.4222 -0.0957 0.0000 103993.589 
O+OOOO 2126808.344 -3.7452 0.0006 

0.0000 0.0000 2628509.938 
0.0000 -0.0063 

159.0141 147.4100 483.6278 33.8106 

28.3294 
29.1671 
-0.0605 
-0.0956 

- 0 , 0 0 2  
-0.235 
0.79) 

0.1541 
-0.4691 
0.0000 
0.0955 
-0.0006 
0.0000 

276.0180 
25.6556 8 

9 
10 
11 
12 
13 
14 
15 
16 
17 

~~ 

0.0000 
-68.4227 
-4.2146 
0.0000 
14.4699 
74.3787 
425.7583 
0.0002 
78.0945 
10.5038 

-0.0963 
-0.0005 
0.0000 
12.4127 
76.7226 
425.2190 

4.1570 
29.1962 
10.0837 

466.8733 

. -.-. .~.. . 
0.0000 -0.0955 
0.0000 0.0006 
12.3759 -0.1879 
76.6884 0.1190 

-526.9372 -522.2537 

I8 
19 
20 
2 1  
22 
23 
2 4  
25 
26 
27 
2 8  
29 
30 
31 
32 
33 

_. .._ 
-527.7858 

0.0000 1505.0391 
29.0363 -30.8064 
-3.0027 -0.0168 
4.5876 -1689198.109 
0.0020 6293964.938 
0.0114 725.269 

0.0000 
354.4223 151727.8926 
-0.5293 
-0.6342 

-0.0401 
79011bb4 
2483.7240 
1289.8916 

23i.5500 
115.8157 
0.0000 

119.6357 

0;0017 
0.0111 

271.0000 
0.0326 

0.0000 
0.0000 
0.0000 

~ . - .  
913.41); 
0.0000 

158436,8374 353.2463 
-0.5 136 
-0.8105 

.. 
21.5773 
- 4 . 2 1 4 6  
0.0000 

245.0000 
9301.0997 
883009.164 
463175.766 

6608.430 

1578.0108 
171.4456 

224222.9b?l 
-471.440 
-741 ~171 
20.9386 
-3.7437 
-0.0000 
-68.9034 

7853.5'145 

224224.703 
21390510.50 
1209420.734 
446966.840 
103400.063 
9184.7247 

491.7746 
-0.015 
0.026 
0.007 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
11.7545 
76.7656 

-526.4174 
0.0000 
29.0641 

i3ni.8290 

481389.172 
20909122.75 

32768.312 

1 
2 
3 
4 

451192.195 
20909208.75 

230541868 
12343,156 

838.841 
586.3817 
292.4825 
28.3438 
-0.042 
18.044 

-33.469 
104004.681 

2634202*906 
2635199.438 

-0.0054 
-0.0817 
-0.0007 
-0.1846 
0.1169 

-521.5684 

-301865i 
-0.0238 

-1719118.578 
6279042.375 

848.117 
0.0000 

136200.3730 

1280 022 

1325,493 
709.5709 
341.0705 
3b.5810 

0.105 
-1.615 
21.504 

103988.026 
26229491500 
2624653.656 

-0.0063 
-0.0965 
0.0001 
-0.1894 

5 
6 
7 
8 
9 

10 

4313.205 29.6596 
28.5648 
-0.0382 
-0.0920 
-0.002 
-0.351 

1.034 
0.1700 

-0.4632 
0.0000 
0.0817 
0.0001 
0.0000 
-0.0003 
-0.0003 

221741.613 
680.000 
-0.0408 
7102.070 
2386.212b 
1327.6449 
'12.1621 
0.0000 

29616.9807 

2683.7666 
513.3047 
142.5031 

224399.984 
-457.317 
-723.094 

22.3128 
-3.7478 
0.0000 

-61.5168 
-4.2110 
0.0000 
16.0264 
74.1242 

~- 
-457.850 -741.178 

-0.0967 
0.0001 

-0.0000 

11 
12 
13 
14 
IS 

. ..._ 
-0.0830 

-4.2 177 
0.0000 
13.7220 
74.5054 

16 
17 
18 
19 
20 

23 
2 4  
25 
26 27 

28 

$3 

-0.0010 
0.0000 
13.7023 
76.57Q7 0.1206 

-522.4820 
1611.3682 
-30.7785 

_. . 
425.0622 625.2160 
0.0002 
78.3166 

245.0500 
115-5148 
0.0000 

118.9280 
22.4332 
-4.2110 
0.0000 

9.6129 

4.3915 
29.1413 
9.1810 

476.4705 
-2.9406 -0.0146 

4.5872 0.0020 -1673817.953 6301277.500 
0.0113 666.946 

0.0000 
334.0740 149497.5213 

115.9460 
0.0000 

119.9751 
21.096b 

271 .00OO 
0.0339 

0.0000 
0.0000 
0.0000 

271.0000 
0.1005 

0.0000 
0.0000 
0.0000 

0;0020 
0*0113 

313.6083 
4 - 5 1  87 
-0.0182 

.. . 
-4.2 177 -0.5348 

-0.8424 29 
30 

:: 
33 

0.0000 
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TABLE AP 3-2 (Sheet 5 of 17) 
PREDICTED S-IVB-204 STAGE POWERED FLIGHT TRAJECTORY 

1 
2 
3 
4 

250.0000 
9415.1521 
922601.117 
470830.551 
7490.950 
7983.5118 
1483.8051 

182 .0003  
224091.140 
-476.942 
-746.578 

2 0 . 4 6 8 3  
-3.743 1 
0.0000 

-69.3618 
-4.2201 
0.0000 
12.9939 
14.6318 
426.0778 

7:::::i 
11.2014 

225. 8000 
116.0309 
0.0000 

120.3057 
20,6382 
-4.2201 
0.0000 

242209.113 224100.508 490705.914 902161.218 

377188.172 1255667.422 36421.349 1031823.211 
6511591.118 653bZ2.066 I8841 .668  12.461b 
69323.116 105879.438 1515.380 27.0351 

8122.3735 21399198.25 20909093.75 2.6121 1 
2 
3 

265.0000 
9715.7711 

1041331.531 
49095n.t.33 
10545.893 51666.239 
8384.0952 2960.1380 
1199.6756 296.6113 
222.823) 160.0599 

224534.090 224534 .100  
-485.171 -485.758 
-766.487 -766.498 
19.1436 -0.0928 
-3.1319 0.0010 
0.0000 0.0000 

-70.6844 -0.0937 
0.0002 

10.9334 9.4612 
15.0099 77.1068 

425.9673 425.3660 
0.0001 3.9348 
71.504'1 29.3377 
12.2453 11.9622 

210.0500 443.9952 
116.3958 211,0000 

121.2512 0.0000 
0.0144 

19.3156 0.0000 
-4.2200 0.0000 
0.0000 0.0000 

-4.2200 0.0000 0.0000 

234308.902 
8412.4213 

420678.603 
6516743.438 

224535.936 
21425450.1S 
1398352.291 
410525.816 
113166.836 
9713.0322 
973.1323 
52% 1167 
-0.010 
0.020 
0.001 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
9.4215 
77.0808 

-527.1158 
0.0000 
29.1176 
-2.6955 
4.1612 
0.0024 
0.0117 

336.9512 
-0.5579 
-0.8771 

516448.293 
20909004.19 
48666,497 
24146.062 
2169.962 
881.8915 
403.4515 
47.9432 
-0.129 
-0.945 
-48.423 

103965.617 
2606536.625 
2608211.094 

-0.0060 
-0 092 6 
0.0010 
-0.1956 

-523.1861 0.1240 

1929.3418 
-30.6779 
-0.0091 

-1616939.016 
6316735.750 

471.424 
0.0000 

140577.8496 

1021021.883 
2.7971 

1154937.146 
12.5780 
25.1567 
30.8318 
-0.Obbb 
-0.1052 
-0.001 
-0.120 

0.536 
0.1711 
-0.4881 
0.0000 
0.0926 
-0.0010 
0.0000 
-0.0003 
0.0001 

2225191826 
680.409 
-0.0405 

2119.0890 84721422 

1202.4810 
-9.4236 
0.0000 

26795.8022 

4 
5 
6 
1 

2836.06i2 -9~14.300~ iri.7400 19.iriz 
390.2081 1280.2078 356.9032 -0.0634 
152.3981 499.9927 39.3781 -0.0992 

224098e754 -0.013 0.235 -0.001 
-477.516 0.024 1.768 -0.170 
-746.586 0.006 58.546 0.646 

8 
9 
10 

13 
14 
15 

:: 

G 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 
33 

10 
11 12 

13 
14 
15 16 

17 
18 
20 19 

3 
23 
2 4  
25 

-0.0909 0.0000 103982.451 0.1695 
0.0002 0.0000 2619022.438 -0.4771 
-0.0000 0.0000 2620729.188 0.0000 
-0.0895 0.0000 -0.0059 0.090.l . _._ 
-0.0005 0.0000 -0.0907 -0.0002 

0.0000 0.0000 0.0002 0.0000 
11.1848 11.1484 -0.1909 -0.0003 
76.1742 76.0434 0.1221 -0.0000 
425-2811 -525.9514 -522.6137 2222531994 
4.0026 0.0000 17 3 5991 680.000 
29.2521 29.0921 -10:7518 -0.0406 
10.8490 -2.8801 -0.0128 8122.314 

458.6224 4.1870 -1663534.109 L566.5136 
271.0000 0.0020 6306063.938 1258.427V 

26 27 
28 
29 30 

. ..-. _ _  
0 .04¶1  6.0ii5 629i269 -10.628b 

0.0000 0.0000 
0.0000 355.3446 147269.1293 28004.8845 
0.0000 -0.1404 
o.oooo - 0 . 8 w a  :: 33 

I 
2 
3 
4 
5 
6 
7 
8 
10 9 

I1 
12 
13 
14 
15 
16 
17 
18 
20 19 

2 1  2 2  

27 2 8  

23 
24 25 

26 

29 
30 
31 32 

3 3  

I 
2 
3 
4 
5 
6 
7 
8 
10 9 

11 
12 
13 
14 
15 
16 
17 
18 
20 19 

2 1  22 
23 
2 4  
25 
26 
21 
28 
29 30 

:: 
33 

2 5 5  s 0000 

962841.203 
478013.238 
8444.106 
8115.2617 
1389.2801 
196,7459 

224278.252 
-479. 647 
-752.820 
20.025II 

9532.23e3 
239518.234 
1235.6711 
391482.859 

0513464.500 
50091.412 
2878.9819 
359.1126 
154 - 9265 

224218.264 
-480.197 
-152.829 
-0.0867 
0.0005 
-0.0000 
-0.0819 

224280.043 
21401715.25 
1302565.906 
419768.121 
108400.089 
9445.4801 
1178.1881 
508.2881 

-0,012 
0,022 
0.006 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
10.5580 
16.9219 

-526.7421 
0.0000 
29.1204 
-2.8196 
4.5867 
0.0022 
0,0116 

499612.992 
20909064.25 

40286.668 
20665.403 
1119.321 
794.4963 
372.5681 
42.2038 
0.129 
10.516 
21.482 

103976.814 
2614959.156 
2616668.469 

-0.0057 
-0.0866 
0.0005 

-0.1923 
0.1227 

-522.8339 
1791.1229 
-30.7261 
-0.0116 

-1648118 .844  
6313096.125 

514.138 

941141.906 
2.8709 

1015007~96* 
12.5021 
26.4016 
30.1193 
-0.0641 
-0.1011 
-0.001 
-0.110 
0. 601 

0.1773 
-0.6807 
0.0000 
0.0166 
-0.0005 
0.0000 

-0.oOoJ 
0.0001 

212343,332 
680.221 
-0.0401 

8239.671 
2616.8255 
1239.6711 
-10.2215 
0.0000 

21601.9481 

1 
2 
3 

270.0000 
9902.1353 

1087599.931 
496719.004 
11693.190 
1521.2395 
1104.4548 
236.1104 

224350.551 
-490.401 
-172.275 
18. 6692 
-3.7273 
0.0000 

231614.521 0595.7611 

435584.941 
6118147.918 
52473.001 
3002.1035 
265.1616 
162.6512 

224350.566 
-491.011 
-172.284 
-0.0964 
0.0008 
0.8000 

-71.1606 -0.0964 0.0000 
-4.2199 -0,0005 0.0000 
0.0000 0.0000 0.0000 
10,2873 
15.1356 

426.3892 
0.0001 
17.3806 

224352.434 
21433275.21 
1447251.500 
415133.734 116213.6811 

91149.4019 
869.9511 
533.6412 
-0.009 
0.019 
0.004 
0.0000 
0.0000 
0.0000 

524302.914 
20908974.50 
53181.309 
26601.310 
2416.945 
926.5331 
418.6397 
50.8545 
-0.030 
-5.502 

-17.140 
2602170.344 103960.061 

2603887,344 
-0.0063 
-0.0962 
0.0008 
-0.1972 

0.1214 
-523.3353 
1993.9823 
-30.6551 

1061941.984 
2.9099 

1191711.156 
72.6160 
24.1416 
31.1569 
-0.0681 
-0.107s 
-0.001 
-0.108 

0 .501  
0.1698 
-0.4926 
0.0000 
0.0962 
-0.0001 
0.0000 
-0.0004 
O.OOO2 

222601.l00 
680.549 
-0.0404 

8595.761 
2771.1102 
1183.9082 -9.0360 

0.0000 
26392.7571 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
11 
16 
17 
18  
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 
33 

I 
2 
3 
4 
5 
6 
7 
8 
9 

LO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 
33 

-3.7411 
-0.0000 
-69.7965 

- 4 . 2 2 2 3  
0.0000 
12.2863 
74.7580 

425.7838 
0.0001 
77.7467 
11.5693 

220,5500 
116.1857 
0.0000 

120.6282 
20.2035 
- 4 . 2 2 2 3  
0.0006 

0.0000 
0.0000 
10.1942 
76.9510 

4 2 5 . 3 1 8 3  
3.9697 

29.2804 
11.2382 

453.8282 
271 *OOOO 
0.0536 

0.0000 
0.0000 
0 .0000  

8.9111 
77.1858 

4 2 5  a 39b3 
3.9268 
29.3667 
12.2633 

438.8010 
271.0000 
-0.0031 

. .  
8.8826 
17.1614 

-526 .  1637 
0.0000 
29.2065 

12.5261 
204.8000 
116.40111 
0.0000 

121.5526 
18.8394 
-4.2199 
0.0000 

-2.6315 -0.0090 
4.5860 -1b009141609 
0.0023 6333410.000 
0.0117 

422.911 0.0000 
357.5425 138346.5127 
-0.5639 
-0,8862 

0.0000 
355-8530 145040.9668 
-0.5461 
-0.8594 

0.0000 
0.0000 
0.0000 

980758.651 
2.6875 

1114707.156 
72.5402 
25.7153 
30.4711 
-0.0653 
-0.1032 
-0.001 
-0,135 
0.566 
0.1173 
-0.4860 
0.0000 
0.01111 
-0.0011 
0 .oooo 
-0.0003 
-0.0000 

222032.656 
680.384 
-0.0401 
8312.310 
2667.6699 
1221.0101 
-9.8190 
0.0000 

27198.8910 

260.0000 
9652.4557 

1003756.320 
485722.879 
9464.673 
8248.7673 
1294.5830 
209,6886 

224406.510 
-481.020 
-759.189 
19.5934 
-3.1372 
0.0000 

-70.2288 

236944.031 
8352.3691 
405978.793 
6515182,125 
10872.414 
2919.4986 
327.9115 
157.4198 

224406.511 
-481.573 
-759.801 
-0.0812 
0.0011 
0.0000 

-0.08Kl 

224408.326 
21411265.25 
1310124.656 
465403.285 
110962.426 
9578.3890 
1015.8428 
111.6649 
-0.011 
0.021 
0.005 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
9.98311 
77.0010 

508232~111 
20909034.15 
44367.341 
22567.101 
1937.467 
837.8791 
388.0903 
45.0595 

-0.106 
0.917 

-42.407 
103911.283 

2610622.131 
2612534.438 

-0.0057 
-0.0871 
0.0011 
-0.19+0 
0.1230 

-126.9219 -523.0127 
0.0000 1861.7307 
29.1489 -30.1015 
-2.1575 -0.0106 

4.5865 -1632652.059 
0.0024 6319969.1b3 
0.0116 521.933 

0.0000 

275.0000 
10031.3961 
L130552.313 
502002.281 
12907.649 
8660.09011 
1008.8001 
249.6662 

224231.031 
-496.412 
-777.964 
18.1855 
-3.7257 
0.0000 

-71.6395 
-4.2231 
0.0000 
9.6604 
75.2612 

426 a 42 14 
0.0001 
77.2144 
12.7840 

199.5100 

229044.441 
8722.22'15 
410100.320 

6519394.730 
53292.807 
1044.1611 
233.5316 
165.2734 

221237.011 
-497.019 
-777.9b8 
-0.0902 
0.0001 
-0.0000 
-0.0934 
-0.0007 
0.0000 
8.3890 
77.2616 

425.4360 

224238.943 
21440141.25 2090894k125 
14961148.531 57932.804 
479224.246 28132.060 
118903.333 2b7815k9 
998713859 911.1706 
766.1784 433.6011 
542.2346 53.7922 
-0.009 0.130 

o . m a  -1.333 
0.004 26.525 

0.0000 103954.432 
2997652.6211 
2599312.219 

-0.0062 
-0.0959 
0.0001 
-0.1918 
0.1210 

-523.4407 
2036.8377 
-30.6341 
-0.0085 

-1384623.313 
(1339980.000 

316.534 
0.0000 

136119.3262 

531198.930 1103529.219 
3.0239 

1231061.297 
12.6541 
23.941b 
31.4987 
-0.0691 
-0.1093 
-0.001 
-0,100 
0.489 
0.1746 

-0.4979 
0.0000 
0.0959 
-0.0001 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
8.3545 
'11.2426 

-125.8578 
0.0000 
29.23Sl 
-2.5796 
4.5857 
0.0023 
0.0118 

318.1746 
-0.5702 
-0.895b 

-4.2212 
0.0000 
11.1995 
14.81140 

0.0003 
0.0000 
10.0197 
77.0215 -0.0001 

0.0006 
222661~183 

680 .432  
-0.0401 
8722.224 
2823.6963 
1165.2933 

-8.6515 
0.0000 

25919.9382 

421.8171 
0.0001 
77.6267 
11.9241 
215.3000 
116. 3279 
0.0000 

120.9432 
19.7112 
-4.2212 
0.0000 

425.3412 
3.9488 

29.3090 
ll.6185 

449.0146 
271 ~ 0 0 0 0  

0 .0403  

0.0000 
0.0000 
0.0000 

-3.942i 
29.3959 
12.5376 

433.1661 
211.0000 
0.0016 

0.0000 
0.0000 
0.0000 

116.3936 
0.0000 

121.8478 
18.3605 3S6.3810 142809.8135 

-0.5519 
-0.1681 

i4.2231 
0.0000 
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TABLE AP 3-2 (Sheet 6 of 17) 
PREDICTED S-IVB-204 STAGE POWERED FLIGHT TRAJECTORY 

1 280.0000 126415.902 224099.504 338939.555 
2 10163.6168 8151.8599 21447851.00 20908913.25 
3 1174203.375 466027.273 1547133.719 62906.044 

506836.199 692n482.931 482794.430 30937.008 

11~5793~181 
3.1397 

127898b.547 
72.6921 
23.3443 
31.8446 
-0.0711 
-0.1114 
-0.001 
-0.092 
0.473 

O.1Bbb 
-0,501b 
0.0000 
0.0898 
-0.0001 
0.0000 
-0.0004 
-0.0002 

222725.174 

-0.0404 
8851 e160 

2876.8129 
1146.7314 

-8.2791 
o.ooo0 

29587.2288 

680.27r 

1 295.0000 218533.792 124116.764 

513303.539 1702239.266 
r522786.625 490352.520 
56703.310 190092.660 
3217.7327 10556.8452 
105.0294 314.5841 
175.4023 57S.4637 

224114.512 -0.007 
-527.264 0.016 
-854.797 0.002 
0.0164 0.0000 
-0,2217 0.0000 
-0.0001 0.0000 
-0.0365 0.0000 
-0.0801 0.0000 
0.0000 0.0000 

9259.a4n 21467072.25 
558255,406 1216757.091 
20908819.75 3.4986 
79223.414 1408412.10’1 
37986.219 72.8073 
3872.603 21.5933 
1159.1274 32.995b 
491.0831 -0.0776 
65.2512 -0.1261 
-1,397 -0.001 

-1156.179 -0 ,063  
331.021 0 . 4 3 3  

103931.788 0.6709 
2578398.250 -1.2532 
25110128.250 0.0000 

0.0009 -0aOlb4 
0.0164 0.2257 
-0,2257 0.0000 
-0,2185 0.0363 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

:: 
23 
24 
25 
26 
27 
28 
29 
30 

33 
:: 

14190.177 51125.769 121636.145 2934.918 
8800.7383 3086.73110 10127.0735 1017.6326 
912.7205 201.7230 661.8195 448.3444 
263.3866 167.9178 550.9102 36.7605 

224n97.561 224097.570 -0.008 0.216 

6 6233i9829 
7 621.3104 
8 303.8337 
9 224114.504 
10 -521.349 -S01.469 --502.039 0.018 -0.553 

-783.739 -783.743 0.003 S0.903 
17.7190 -0.0900 0.0000 103948.793 
-3.7253 0.000‘ o.nooo 2593053.344 

. .. 
11 -856.1 
12 16.111 

95 
52 

13 -3,3046 

,1123 
16 -n.oooo -O.OOOO 

-72.0940 
-6.2267 
0.0000 
9.0527 
75.3869 

426.4345 

77.1259 
13.0425 
194.3000 
116.4334 
0.0000 

122.1373 
17.9060 
- 4 . 2 2 6 1  
0.0000 

0.0001 

. .~.. 
-0.0000 6.6000 2194775.163 
-0.0872 
-0.0006 
0.0000 
7.87b3 
77.3462 

42S.4711 
3.9631 
29.42113 
12.8117 

428.4859 
271*0000 
0.0182 

0.0000 
0.0000 
0.0000 

0.0000 -9.0058 
0.0000 -0.0898 
0.0000 0.0001 
7.8412 -0.2004 

.- . 
I6 -4.5578 

6.4211 
77.5828 
425.5431 

4.04b6 
29.5151 
13.3977 

415,5045 
271.0000 
0.0306 

17.32i7 0.1284 0.1348 -6.0148 
-523.7247 222848.160 
2181 432 680.000 
- 3 o : h  -o.o4n3 

-523.5146 -523.5264 
0.0000 2076.0141 
29.2631 -30.6137 
-2.5261 -0.0081 

:! 7637273 0 000 

23 13.5310 
2 4  180.3000 
25 116.7054 

. . -  
-1.9659 -0.0071 9259.148 
4.5851 -1524295,688 3021.4232 
0.0066 6362760.000 1097.452? 
0.0182 222.171 -7.7904 

0.0000 0.0000 
361.0178 127215.5479 21383,1702 
-0.5963 
-0.93 53 

4.5055 -1568250.953 
0.002Y 6346399.188 
0.0119 332.081 

0.0000 
358.8286 133893.5273 
-0.5765 
4.9052 

26 o.oao0 
27 122.9746 
28 1 6 . 8 5 7 1  0.0000 

n.oooo 
0.0000 

~. .~... 
29 -4.55711 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
20 19 

2C.5r0000 223790.013 223811.721 545727.945 1188746.000 
10298.6478 8984sY099 21C56608.00 20908882.50 3.2576 
1218561.906 481561,332 1198121,344 68310,066 1321509.141 
511128.637 6521411.625 485841,348 33215.131 72.7307 
15541.799 54972.012 124412.526 3246.200 22.7540 
8943.0588 3129.7965 10268.3413 1064.0830 32.1177 
816.2235 169.7379 556.8819 462.8734 -0.0725 
271.3053 170.3852 559.6617 59.7576 -0.1136 

-504.3195 -504.927 0.017 0.587 -0.0116 
0.460 -789.066 -789.069 0.003 34.948 

17.2812 -0.0814 0.0000 103943.137 0.1957 
-3.7249 -0.0001 0.0000 2588290.281 ;0.505? 
0.0000 -0.0000 0.0000 259001S.094 0.0000 

-72.5226 - 0 . 0 8 6 4  0.0000 -0.0055 0.0852 
0.0001 
0.0000 

-4.230b -0.0008 0.0000 -0.0852 
0.0000 0.0000 0.0000 -0.0001 
8.4643 7.3777 7.3428 - 0 . 2 0 2 0  
75.5126 77.4278 77.4076 0.1293 
426.3111 425.50bl -525.0057 -523.5862 
0.0001 3.9869 0.0000 2113.2581 
76.9953 29.4530 29.2947 -30.5943 -0 .040b 
13,3132 13.0973 -2.4733 -0.0077 8986.31CJ 

190.8000 425.16g2 4.5154 -1557306.469 2912.5596 
116.4813 271.0000 0.0026 6350591.313 1134.387’1 
0.0000 0.0258 0.0120 303.539 -8.0305 

122.4214 0.0000 0.0000 
17.4774 0.0000 359.5266 131668.9590 25185.974b 
-4.2306 QIOOOO -0.5830 
0.0000 0.0000 -0.9150 

223815.750 223015.798 -0.008 0.162 -0.001 

1 
2 
3 

300.0000 
10722.4667 

215902,529 
9402.348 1 

224226.010 
21472784.25 
17S5390.125 
491809.102 
132991.951 
10703.8748 
238.1115 
584.5359 
-0.no7 

563990.320 
20908780.00 
85140.118 
40476,493 
4206.424 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 
2 4  
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

318.4567 
224224.309 
-484.699 

178.lbb9 
224224.316 
-485.311 
-723.190 
-0.0958 
0.0919 
0.0002 

4 . 0 8 6 2  

...- 
0.016 1905.779 

-4.6476 
0.0000 
6.8095 
75.8788 

6.01rz 
0.0000 
5.9679 
77.6675 

425.5576 
4.0863 
29.5454 
13.9127 

410.4586 
271.0000 

o.onv 
0.0000 
0.0000 
0.0000 

0.0000 -0.0956 
0.0000 0.0919 
5.O736 - 0 . 1 8 4 8  -0.0003 

0.0001 
222767.211 

688.098 
425,9965 
0.000? 
7b.5099 
14.1007 
175.0500 
11 b. 7454 
0.0000 

123.2443 
16.5217 
-4.6416 

-526.3525 -523,8074 
0.0000 2203.1988 
29.3850 -30 .3424  
-2.3875 -0.0069 
4.5849 -1507424.813 
0.0077 6368678.750 
0.0186 181.521 

0.0000 
361.8132 124986.0645 
-0.6031 
-0.9458 

21 
22 
23 
2 4  
25 
26 
27 
28 
29 
30 
31 
32 
33  

0.0000 

305.0000 213270.811 224141.859 
10069.8903 9548.1139 21478157.75 
1403265.341 S45929.922 1809281.016 
523556.797 6523512.125 492732.645 

58404.564 135936.625 
10852.8998 
131,1989 
593.2038 
-0.007 
0.016 
0.002 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
5.4960 

77.7354 
-905.6160 

0.0000 
29.4155 
-2.1010 
4.5848 

569403.781 
20908756.00 
91301.232 
43036.246 
4555.830 

518.8231 
71.3579 
-7.737 

1256.91~18 

1367658,031 
3.7471 

1497909.406 
72.8833 
20.4502 

’ 33.8136 
-0.0805 
-0.1343 
-0.001 
-0,063 

0 . 4 2 8  
D.S628 
-1.1762 
0.0000 
0.0822 
0.0649 
0.0000 
0.0116 
-0.0015 

222936.996 
680.000 
-0.0401 
9540.114 
3132.8832 
1060.8109 

0.0000 
23579.6353 

-7.2094 

290.0000 
10436.6859 

221163.819 
912013624 
49732S.996 
6S22180.063 
55831.6b3 
3173.4014 
137.5918 
173.25b4 

22400S.638 
-527.419 
-786.071 
-0 e 2209 
0.2432 
-0.0002 
-0+0806 
0.0019 
0.0000 

224007.660 
21461014.75 
1649819.609 
488362.348 
127232.896 
10411.4149 
491.4156 
568.4118 
-0.007 
0.017 
0.003 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
6.8595 

552165,563 
20908I51.25 
73547.929 
35565.42S 
3552.550 
1111.1911 
477.2041 
62.7620 
2.027 

251.338 
401.933 

103981 $13 
2383439~000 
2585166.406 

-0.0130 
-0.2205 

0.2432 
-0.2011 
0.1349 

-523.6441 
2148.5775 

-30.5760 
-0.0073 

-1340834.094 
b356732.000 

262.358 
0.0000 

129444.0732 

1232396.141 
3.3770 

1364643.18% 
72.7691 
22.1709 
32.5874 
-0.0765 
-0.1141 
-0.001 
-0.069 

0.442 
0.4155 
-0 -8511 
0.0000 
0.2205 

-0.2432 
0.0000 

-0.0559 
0.0328 

222801.502 
680.000 
-0.0603 
9120.363 
2966.5939 
1115.9597 
-7, b500 
0.0000 

24784.7151 

21634.910 
9532.7977 
426.0141 
332.8092 

224139.445 
-S33.391 
-090.439 
15.5351 
-3.5356 
-0.0000 

-73.9007 
-4.7118 
0.0000 
6.2985 
76.0028 
425.4319 
0.0001 
76.4501 
14.2182 

169. 8000 
116.7282 
0.0000 

123.5097 
16.0993 
-4.7118 
0.0000 

3307.9703 
39.9895 
180.8089 

224139.433 
-533.920 
-890.037 
-0.0823 
-0.06b9 
-0.0001 

8 
9 
10 
11 
12 

-. .- 
-1623.156 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24  
23 
26 
27 
28 
29 
30 
31 
32 
33 

-0.0829 
-0.0308 
0.0000 
5.5301 

77.7506 
425.5736 
4.1302 
29.9760 
14.0744 

405.2275 
271.0000 
-0.0109 

-0.0051 
-0.0822 
-0.0649 
-0.2275 
0.1365 

-523.0800 
2223.9584 
-30.5210 
-0.0067 

-1490166.516 
-2.0782 
4.S852 
~ 4 0 2 9  
0.0121 

360.2483 
-0.51397 
-0.9290 

0.0083 b374i21.438 
0.0205 142.76b 

0.0000 
362.6582 122756.2207 
-0.6106 
-0.9566 

0.0010 
0.00n0 
0.0000 

0.0000 
0.0000 
0.0000 
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TABLE AP 3-2 (Sheet 7 of 17) 
PREDICTED S-IVB-204 STAGE POWERED FLIGHT TRAJECTORY 

310.0000 
11020.2856 
1451309.313 
325441.438 
23336.072 
9685.1981 
327.8097 
347.8726 

224141.625 
-518.129 
-761.141 
15.1286 
-3.8050 
0.0000 

-74.331+ 
-4.1683 
0.0000 
5.8039 

210642.803 
9696.9865 
562584.445 

6523630.101 
39395.504 
3353.9391 

7.2180 
183.6210 

224141.633 
-518.700 
-761.282 
-0.0889 
0.0189 
0.0000 

-0.0893 
0.0080 
0.0000 
5.1018 

77.8313 
425.6002 
4.1763 
29.bOb9 
14.3078 

399.9133 
271.0000 
-0.01s0 

1414220.781 
3.1753 

1543674.561 
72.9212 

4920.417 19.9002 
1306.8157 
532.3924 
74.5349 

202760.418 
10163.1393 
613949.906 
6522994.7¶0 
62214.351 
3495.7212 
-92.2480 
192.2831 

224083.127 
-541.479 
-862.507 

-0 .0884 
0.0048 
-0.0000 
-0,0819 
-0.0032 
0.0000 
3.9224 

78.1040 
425.6891 
4.3213 
29.7007 
14.7859 

385.8737 
271.0000 
-0.0069 

224085.443 
21496340.75 
2032443.234 
491035.199 
148173.436 
114b8.8792 
-302.6503 

587111.297 
20908625.2S 
118462.189 
13948.169 
6111. 198 
146l11645 
511.1641 
84.3064 
-0.1149 

-429.411 
37.817 

103897.363 
2144981.354 
2546127.116 

-0.0037 

0.0048 
-0,2205 

-0.0882 

1558305.406 
4.2106 

1685243.859 
13.0348 

33.5571 
-0.0851 
-0.1369 
-0.001 
-0 .038  
0.417 

0.5671 
-1.0948 
0.0000 
0 .0882  

-0.0048 
0.0000 

-0.0006 
0.0004 

223016.313 
680.000 

10163.140 -0 .0403 

3344.3418 
993.8063 
-6.0000 
0.0000 

21968.5344 

ia.2635 138925.zbn 
11003.7816 

23.6812 
602.4496 
-0.007 

6 
7 
8 
10 9 

13 16 

11 
12 
13 
14 

17 
ie 

34.23511 
-0.0791 
-0.1163 
-0,001 
-0.068 
0.423 
0.5385 
-0.9633 
0.0000 
0.0887 
-0.0189 
0.0000 

-0.0051 
0 .0001  

2229721002 
680.000 
-0 e 0403 
9696.931 

3189.6121 
1042.4009 
-6.9614 
0.0000 

23177.8801 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

~ . 
610.1490 

224083.119 
-540.906 
-862,475 
13.7902 
-3.7068 
-0.0000 
-75.6406 
-4.801s 
0.0000 
4.4353 
76.5142 

426.6601 
0.0001 
75.8664 
14.9203 
150.5500 
116.6107 
0.0000 

124.5333 
14.3594 
-4.8015 

0.0001) 

-0.006 
0.016 
0.002 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
3.8892 

0.016 1357.222 
0.003 -163.078 

0.0000 103914.651 
0.0000 2562457.656 
0.0000 2! 

-0.0059 
-0 .0887 
0.01119 

-0.1946 
0.1326 

-513.9407 
2243.4319 
-30.3126 
-0.0065 

6380273.500 
105.185 
0.0000 

-147237’ 

0.0000 
0.0000 
0.0000 
5.0729 

77.8233 
-525.3596 

0.0000 
29.4463 
-2.3230 
4.5846 
0.0086 
0.0201 

363.5299 
-0.6180 
-0.9676 

20 19 

21 
22  
23 
2 4  25 

26 
27 
28 
29 30 

31 32 

33 

23 
2 4  
23 
26 
27 

-2.0896 
4 . 3 8 4 3  
0.0093 
0.0217 

-0.0062 
-1424594.906 
6393037.750 

14.385 
0.0000 

113857.0938 366.4099 
-0.6411 
-1.0024 

0.0000 
0.0000 
0.0000 

28 
29 
30 
31 
32 
33 

0 .0000  
0 .0000  
0 .0000  

1 
2 
3 
4 
5 
6 
7 
8 
10 9 

13 16 

11 
12 
13 
14 

17 
18 
19 
20 
21 
22 
23 
25 2 4  

26 
27 
28 29 

30 
31 32 

33 

315.0000 
11173.8615 

208014.434 
9849.1851 

519470.500 
6323583.938 
60320.799 
3400.5934 
-25.7306 
186.4604 

224250.238 
-534.912 
-873.222 
-0.0894 
-0.0013 
-0.0000 
-0.0863 
-0.0321 
0.0000 
4.6980 
77.9249 

425-6316 
4.2268 
29.6379 
14.46114 

394.65b8 
271.0000 
-0.0086 

224252.978 
21481903.30 
1919322.063 
492968.387 
141961.006 
11156.7814 
-84.4178 
611.7717 

-0.006 
0.016 
0 .002  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
4.6644 

579214.430 
20908691.00 
104371.090 
48359.811 
5301.171 
1337.5556 
545.19TO 
77.7419 
-1.876 

-931.485 
88.701 

103908e903 
2556788.781 
2558329.281 

-0.0057 
-0.0893 
-0.0083 
-0.2231 
0.1367 

-523.9924 
2261. 6361 
-30.4992 
-0.0064 

-1454177.938 
6385903.3711 

69.660 
0.0000 

118304.8428 

1461141.078 
4.0049 

1390140~391 
12.9591 
19.3485 
34.6852 
-0.0827 
-0.1351 
-0.001 
-0.061 
(1.421 
0.5119 
-1.1139 
0.0000 
0.0893 
0.0083 
0.0000 
0 .0040  
0.0001 

223011.043 
680.000 
-0 .0403  
9849.185 
3247.0506 
1024.2131 
-6.6065 
0.0000 

22774.7158 

1 

3 
4 

200134.811 224002.146 591185.063 1608174.591 
10324.9071 21500078.30 20908592~00 4.4067 
631549.469 2090114.469 125900.021 113391b~Olb 

h521449.675 4 l9246 .766  56838.693 73.0725 
1500120.134 
526834.242 
25113.833 
9839.81 07 
229.2099 
363.1496 

224250.230 
-534.399 
-873.271 
14.6694 
-3.6349 
0.0000 

-74.7722 
-4.7708 
0.0000 
5,3316 

7 6 . 2 5 7 b  
426.6637 
0.0001 
76.1632 
14.6112 
159.3000 
116.6596 
0.0000 

124.0281 
15.2278 
-4.7708 
0.0000 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

.~--  ... 
63183.094 lS1~51:721 -6Sii;O23 17.7301 . .  

10316.5054 
-69.5522 
4 1 0 .  6047 

223999.906 
-544.722 

3544 .2345  il628;04a5 1514;lOOb 36.0106 
-125.8252 -412.8116 584.4018 -0.0876 
193.2319 640.5233 87.6398 -0.1341 

223999.914 0.781 4 . 0 0 1  

-837.714 0.002 23.467 0.41b 
0.57110 0.0000 103891.569 -0.0844 

0.0000 2538831.094 -1.0136 -0 .0054  
-0.0000 0.0000 2540519.563 0.0000 
-0.0830 0.0000 -0.0055 0.0842 
-0.00 11 0.0000 -0.0842 0.0051 

0.0000 0.0000 -0.0054 0 .0000  
3.5352 3.3223 -0.2143 0.0003 
78.1952 78.1854 0.1395 O.OOO2 

...-.. 
-76.0612 
-4.8201 
0.0000 
4.0132 
76.6432 
426.6591 
0.0001 4 .3834  0.0000 2308.7166 680.000 
75.7142 29.7324 29.5715 -30.4644 -0 .0403  
15.0633 14.9309 -2.0863 -0.0062 10324.9011 

145.3000 380.6898 4.5842 -1406199.859 3403.6774 
116.6045 271.0000 0.0095 6400338.250 973.5982 
0.0000 0.0002 0.0221 -16.234 -3.6583 

124.7806 0.0000 0.0000 
13.9388 0.0000 361.4463 111634.48S4 21565.6287 
-4.8201 0.0000 -0.6492 
0.0000 0.0000 -1.0145 

20 
2 1  
22 
23 
24 
25 
26 
2 1  
28 
29 
30 
31 
32 
33 

-2.1271 
4.5045 

0.0214 

364,4529 
-0.6215 
-0.9789 

0.0089 

0.0000 
0.0000 
0.0000 

1 
2 
3 

320.0000 
11330.3039 

205306.943 
10004.5724 
596591.30) 

6523372.500 
61260.259 
3447.8472 
-58.8860 
189.3410 

224166.836 
-533.467 
-805.622 

-0.0030 
0.0000 

-0.0814 
... - -0.0003 

0.0000 0.0000 
4.8749 

76.3153 
426.6626 
0.0001 
76.0161 
14.7903 
155.8000 
116.6376 
0.0000 

124.2827 
14.7939 
-4.8043 
0.0000 

-o.oam 

224168.920 
21492283.15 
1975492.563 
4922741570 
145043.219 
11311.8126 
-193.19SO 
621.2192 
-0.006 
0.016 
0.002 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
4.2698 

78 -00 19 
-525.3960 

0.0000 
19.5081 
-2.1907 

4.5844 
0.0091 
0.0216 

365.4035 
-0.6332 
-0.9909 

583627.680 
20908658.25 
111287.133 
51121.474 
5697,931 
1408.9891 
551.8766 
80.9930 

1.523 
684.041 
-40 0 916 

103903.145 
2531003.701 
2552746.938 

-0.0018 
-0.0813 
-0.0030 
-0.2059 
0.1364 

-524.0360 
2218.3851 
-30.5861 

-0.0063 
-1442191~339 
6389194.563 

46.892 
0.0000 

ii60eo.5~ 

1509631.911 

1637324.451 
72.9970 
18.8029 
35.1159 
-0.0835 
-0.1262 
-0.001 
-0.062 
0.519 

0.5583 
-1.0328 
0.0000 
0.0873 
0.0030 
0.0000 
-0.0012 

0.0002 
223055.846 

680~000 
-0.0403 

10001.573 
3281.732’1 
1012.0492 
-6.3198 
0.0000 

22371.5633 

4.136r 
1 
2 
3 1  
4 
5 

197510.271 223919.041 594945.252 1658652.234 
10489.a7ai 21503501.25 20908558.50 4.5451 
659393.123 2348126.563 133604.541 1783358,063 
6521736.063 486905.828 59791.842 73.1102 
64166.768 154578.974 h987.101 v7.7n7n 

4 
5 
6 
7 

6 
7 
8 
9 

.-... .. _ . ~  . . . . . - - . . . - - -. 
3593.39b2 11189.3347 1567.8018 36.4753 
i159.bl03 -523.6548 596.8161 :0.0894 

8 378.6904 
9 224166.828 
10 -532.901 
11 -805.638 
12 14.2340 
13 -3.7715 
14 0.0000 
13 -75.2061 ’ 
16 -4.806q 
11 
18 
19 
20 
21 
22 
23 
24 
21 
26 
27 
28 
29 
30 
31 
32 
33 

198.2339 650.3724 91.0332 -0.1406 
-0.006 -0.267 -0.001 

4 - 0 9  -549.325 0.016 -145.1146 
-862.962 0.002 12.918 0.417 

213916.703 
10 
11 
12 
13 
10 
13 
16 
11 
18 
19 
20 
21 
22 
23 
24 

...__. 
-0.0015 0.0000 -0.0827 -0.0052 
0.0000 0.0000 0.0052 0.0000 
3.2018 3.1691 -0.2208 -0.0011 
78.2879 18.2791 0.1406 0.0003 

425.7414 -525.8164 -52b.1217 223121.650 
4.4401 0.0000 2322.0501 680.000 
29.7643 29.6034 -30.4341 -0.0403 
15.0737 -2.0210 -0.0061 10489.819 

375.3729 4.5841 -13117601.393 3463.7381 
271.0000 0.0097 6405551.813 957.5403 
0.0092 0.0222 -44.939 -5.2869 

0.0000 0.0000 
0.0000 368.5425 109412.7197 21162.8459 
0.0000 -0.6575 
0.0000 -1.0211 

25 
26 27 
28 
29 
30 
31 
32 
33 

0.0000 
0.0000 
0.0000 
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TABLE AP 3-2 (Sheet 8 of 17) 
PREDICTED S-IVB-204 STAGE POWERED FLIGHT TRAJECTORY 

i 
1 340.0000 194884.883 224095.031 598091.328 1709951.875 
2 11987.9286 10658.1318 21506613.75 20908524.15 4.6856 
3 1756069.203 667484.2b6 2208080.594 141579.383 1833587.906 
4 526334.797 6520853.125 484008.996 62806.452 73.1478 
5 35183.017 65165.439 157855.463 7451.388 16.6815 
6 10645*4452 3643.2413 11952.8680 162213227 36.9960 
7 -271.1673 -193.5978 -635.1621 608.9949 -0.0916 
8 443.5568 201.2552 660.2848 94.4125 -0.1421 
9 224092.684 224092.691 -0.006 0.284 -0.001 
10 -553.841 -554.319 0.016 81.765 -0.056 
11 - 8 6 0 . 4 7 8  -860.481 0,002 9.980 0.418 
12 12.5301 -0.0816 0.0000 103179.917 0.5933 
13 -3.7315 -0.0030 0 .0000  25258680094 -1,0994 
14 -o.oooo -0.nooo 0.0000 2S27621.875 0.0000 
15 -76.8750 -0 .0804  0.0000 -0.0053 0.0815 
16 -4.8301 -0.0007 0.0000 -0.0815 0.0030 
17 0.0000 0.0000 0 .0000  -0.0030 0.0000 
18 3.2197 2.8622 2.8298 -0.2200 0.0003 
19 76.9032 78.3815 78.3737 0.1417 0.0002 
20 426.2307 425.7615 -525.7544 -524.1465 223141.191 

1 355 -0000 
12515.1578 
1919561.984 
519978.430 
42219.896 
11157.5823 
-577.1165 
494.9931 

-568.753 -569.337 
-886.463 -886.479 
11.2649 -0.0875 
-3.7117 0.0022 
0.0000 -0.0000 

-78.1296 -0.0860 
-4.8395 -0.0006 
0.0000 0.0000 
2.1544 1.9251 

77.2979 78.6701 
426.0904 425.1909 
0.0001 4.6927 

74.9129 29.8940 
15.5959 15.4962 

120.8000 356.6390 
116.5987 27i.ooao 
0.0000 -0,0135 

11.8704 0.0000 
-4.8395 0.0000 

224251.354 ~~ ~ . 

125.973s 

186994.252 
11183.4575 
723279.023 

6517177.563 
68253.611 

224253.838 
21514141.50 
2391133.906 
471950.059 
167987.244 
12458.0800 
-913.7848 
690.7929 

-0.006 
0.017 
0.002 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
1.8934 

78.6649 
-526.3000 

0.0000 
29.7327 
-1.8499 
4.5838 

605722.086 
20908422.00 
167170.053 
72207.664 
8946.735 
1791.0897 
644.1285 
104.9875 

0.069 
-2.834 
7.411 

103862.273 
2504460.156 
2506222.031 

-0.0057 
-0.0873 
0.0022 
-0.2265 
0.1455 

-524.2832 
2363.4384 
-30.4243 
-0.0061 

-1317080.719 
6423703 .438  

-134.438 
0.0000 

100508.0498 

186892n.18~ 
5.1213 

1989190.172 
73.2600 
15.1’132 
38.5846 
-0.0979 
-0.1525 
-0.001 
-0.050 

0 .426  
0.6038 

-1.1278 
0.0000 
0.0873 

-0.0022 
0.0000 

-0 .0006 
0.0003 

223221.979 

2 
3 
4 
5 
b 
7 
8 
9 
10 

3767.2302 
-296.8102 
2 10.5561 

224251.361 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

_... 
21 0.0001 4.5002 -o.oooo za%.i326 bao.0oo 
22 75.4019 29,7964 29.6354 -30.1458 -0.0403 
23 15.3263 15.2087 -1.9874 -0.0061 10658.332 
24 134.8005 370.4998 4.5840 -1368790.734 3524.5563 

680.000 
-0 .0403  

11183.451 
3690.8598 

25 116,6368 271.0000 0.0100 6410636.563 939.3370 
26 0.0000 0.0075 0.0225 -71.806 -4.9393 

2.3 13.i250 0 .0000  369.6709 107190.0977 20760.1033 
29 -4.8308 OtOOOO -0.6660 
30 0.0000 0.0000 -1.0399 
31 
32 
33 

27 125.2660 0.0000 0.0000 

0.0103 
0.0229 

373.4153 
-0,6931 

891.2242 
-4.0188 
0.0000 

19551.6738 2 8  
29 
30 0.0000 0.0000 -1.0807 
31 
32 
33 

345.0000 
12160.3475 
1809715.469 
524725.398 
37443.691 
10813.6217 
-372.6368 

4 6 0 . 4 4 7 4  
224161.238 
-557.568 
-873.175 
12.1220 
-3.72 13 
-0.0000 
-77.2796 
-4.8313 
0.0000 
2.8484 
77.0342 

426.2008 

75,2417 
15,4427 

129.5500 
116.6479 

125.5045 
12.7204 
-4.8313 

0.0001 

0.0000 

192255.5L8 
10829.0330 
685826.516 

0519799.750 
66179.368 
3693.8290 
-227,7804 
204.3244 

224161.216 
-558.113 
-873.204 
-0.0822 
0.0011 
0.00d0 

-0.0826 
-0.0006 
0.0000 
2.53b5 

7116765 
42517730 
4.5621 

29.8218 
15.3320 

365.4009 
271.0000 
-0.0002 

224163.645 
21509421.25 
2268258.469 
480353.035 
161181.996 
12118.8381 
-747.3095 
670.3544 

-0.006 
0.016 
0.002 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
2.5043 
18.4696 

-525.9522 
0.0000 

29.6676 
-1.9370 
4.5839 

600932.508 1762088.047 
4.8283 

1884624.15b 
73.1853 
16.1662 
37.5134 
-0.0933 
-0.1461 
-0.001 
-0.051 

0 . 4 2 0  
0.5967 
-1.1098 
0.0000 
0.0820 
-0.0041 
0.0000 
-0.0001 
0.0001 

223172.055 
680 ,000  
-0 .0403  

10829.833 
3586.2089 
921.3060 
-4.5136 
0.0000 

20357.2529 

1 360.0000 184364.055 224045.520 607680.258 1923662.219 
2 12697.5876 11365.4063 21516065.25 20908387,25 5.2713 
3 1975787.969 742396.805 2453856.156 176270.184 20L2757.375 
4 516833.242 6515606.375 4bb795.266 75456.350 73.2972 

20908490~75 
149829.074 
65811.408 
7932.322 5 44738.951 69314.278 171467.113 9480.639 14.6556 ._ _. 
1677.7015 
620.9527 
97.9267 
-0.124 
-36.914 
-19.031 

103874.056 
2819014.969 
2520771.406 

-0.0033 
-0.0820 
0.0041 

-0.2232 
0.1427 

-524.1898 
2345.0441 
-30.4318 
-0.0061 

-1349712.281 
6415608.313 

6 11333.4390 3850.0645 12631.4207 1849.1133 39.0985 
7 -680.2693 -331.7033 -1088.2632 655.3021 -0,1000 
8 512.6761 213.7213 701.1139 101.5810 -0.1558 
9 224042.996 224043.004 -0 .006  0.069 -0.001 

10 
11  
I 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

10 -573.803 0.017 -6.136 -0.049 
11 -893.0IO 0.002 9,210 0.429 
12 -0,0867 0.0000 103856.351 0.6112 
13 0.0001 0.0000 2496638,625 -1.1389 
14 -0.0000 0.0000 2498403.188 0.0000 
15 -0.0852 0.0000 -0.0056 0.0865 
16 -0.0014 0.0000 -0.0865 -0.0001 
17 0.0000 0.0000 0.0001 0.0000 
18 1 I 6385 1.6071 -0.2284 -0.0003 
19 78.1688 78.7644 0.1467 0.0003 
20 426.4579 425.8005 -525.3578 -524.3245 223244.951 
21 0.0001 4.7615 0.0000 2370.9587 680,000 
22 7 4 . 7 4 4 3  29.9269 29.7655 -30.4187 -0 .0403  
23 15.6466 15.5519 -1.8071 -0.0062 11365.407 
24 115.5500 351.3252 4.5837 -1297040.781 3754.8282 
25 116.5553 271.0000 0.0104 6428435.625 873.1511 

0.0231 -154.662 -3.6890 26 
27 126.2043 0.0000 0.0000 

29 - 4 . 8 4 4 8  0.0000 -0.7026 
30 0.0000 0.0000 -1.0949 
31 
32 
33 

o.ooon -0 .0166  

28 11.4425 O.OOOO 374.7795 98280.52a3 19149.0376 

-573.222 
-893.037 
10.8295 
-3.7060 
n.oooa .~.... 

-78.5573 
-4.8448 
o.oonn 
1.8307 

77.4308 

0.0101 
0.0226 

370.8663 
-0.6748 
-1.0531 

-96.801 
0.0000 

104962.6924 28 
29 
30 
31 
32 
33  

0.0000 
0 .0000  
0.0000 0.0000 

1 350.0000 189625.344 224208.643 603474.563 1815075.236 
2 12336.0742 11004.9276 21511928.75 20908456.50 4.9731 
3 1864208.859 704423.547 2329272.219 158357.842 1936485.406 
4 522601.566 6511574.938 476134.621 69015.561 73.2227 
5 39781.650 67208.703 164559.072 8430.703 15.6568 
6 10984.3124 3745.1522 12217.2209 1733.9561 38.0410, 
7 -474.5926 -262.1787 -880.1549 632.6725 -0.0954 
8 477.5753 207.4191 680.5074 101.4333 -0.1490 

10 -562.189 -562.763 0.016 12.037 -0.051 
11 -878.370 -878.3b7 0.002 -27.280 0.423 
12 11.7011 -0.0863 0.0000 103868e180 0.5973 
13 -3.7165 -010008 0.0000 2511999.Jb3 -1.1199 
14 0.0000 0.0000 0.0000 2’113751.719 o.ooo(1 
15 -77.6999 -0.0858 0.0000 -0.0056 0.0861 
16 -4.8364 -0 .0008 0.0000 -0*0861 0.0008 
17 0.0000 0.0000 0.0000 -0.0008 0.0000 
18 2.4935 2.2263 2.1923 -0.2245 -0.0001 
19 77.1657 78.5727 78.5666 0.1438 0.0005 
20 426.1456 425.7829 -526.1258 -524.2355 213197.076 

22 75.0787 29.8613 29.7001 -30.4306 -0.0403 
23 15.5334 15.4285 -1.8928 -0.0061 11004.928 
24 124.3000 360.1683 4.S839 -1330237.181 16k8.701S 
25 116.6245 271.0000 0.0102 6420494.100 903.26ST 

O + C r o l )  -0.0106 0.0228 -119.976 -4.2445 

28 12.3001 O*OOOO 372.0977 102736.3311 19934.4395 
29 -4.8364 0.0000 -0.6838 
30 0.0000 0.0000 -1.0666 
31 
32 
33 

9 224206.207 224206.215 -0.006 -0.030 -0.001 

21 0.0001 4.6262 0.0000 2354.8068 680.000 

:8 125.7403 0.0000 0.0000 

223950.844 
21517704.50 
2517451.094 
461065.832 
174999.230 
12807.1567 
-1203.6357 
711.6959 
-0.006 
0.017 
0.002 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
1.3333 

78.8652 
-525.1729 

0.0000 
29.7986 
-1.7693 

4.5837 
0.0104 6433065.250 855.0453 25 116.5202 271.0000 

26 0.0000 -0,0087 0.0233 -173.119 -3.3651 
27 126.4328 0.0000 0.0000 
28 11.0232 0.0000 376.2146 96056.5840 18746.6711 
29 -4.8514 0.0000 -0.7124 
30 0.0000 0.0000 -1.1098 
31 
32 
33 

o.nooo 

365.0000 
12883.2638 11150.6676 

2032899.563 761780.578 
513174.453 6513860.0b3 

70390.869 
3903.6290 
-306.8619 
2 16,9253 

223948.285 
-579.615 
-899.486 
-0.0848 
0.0001 

-0.0000 
-0.0823 
-0.0012 
0.0000 
1.3645 

78.8689 
425.8153 
4.8325 

29.9601 
15.6007 

346.0361 

181737.695 609354.555 
20908352.50 
185662.564 
78760.165 
10032.617 
1908.0009 
666.1799 
112.2189 

0.200 
6 .574  
33.641 

103850.397 
2488509.906 
2490277.188 

1979292.40b 
5.4237 

2097205.181 
13.3342 
14.1638 
39.6468 
-0.1025 
-6.1592 
-0.001 
-0.049 

0 . 4 3 4  
0.6211 
-1.1471 
0.0000 
0.0847 
-0.0008 
0.0000 
-0.0004 
0.0001 

213262.230 
680,000 
-0.0403 

11550.668 
3819.6395 

47347.040 
11511.7999 
-784.0954 
530.6412 

223948.277 
-579.042 
-899.479 
10.3998 
-3.7043 
0.0000 

-78.9?68 
-4 .8514  
0.0000 
1.5219 

77.5644 
20 426.4277 

22 74.5728 
23 15.6912 
24 110.3000 

21 0.0001 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

-0.0055 
-0.0847 
0.0008 

-0.2301 
0.1483 

-524.3461 
2377.3889 

- 3 0 . 4 1 4 0  
-0.0062 

-1276692,984 
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TABLE AP 3-2 (Sheet 9 of 1 7 )  
PREDICTED S-IVB-204 STAGE POWERED FLIGHT TRAJECTORY 

179112.211 
11739,3646 
781434.117 

6511937.188 
11483.578 

-402.3004 
3957.9691 

223856.441 6 1 0 7 4 9 ~ 6 0 9  
21519064.75  20908311125 
2981931.063 195351,658 

454737.340 82117.bb2 
17856k.227 10602.900 
12985.4371 1967.8006 
-1319.a105 676.1691 

722.3335 115e9025 
-0.006 0.200 

0 .017 -1 .842 
0,002 39.222 

0.0000 103844.527 
0.0000 2480215.813 
0.0000 2481985.181 
0.0000 -0.0052 
0,0000 -0 .0198 
0.0000 0.0005 
1 .0719 -0 .2321 

78 .9674 0 .1496 
-524.9887 -521.3626 

0 0000 2382 7466 
29:0318 -30:4101 
- 1 . 7 3 0 1  -0.0063 

4.5836 -1256117.730 
0.0101 6437175.688 
0.0206 -190.005 

0.0000 
377.6880 93833.4268 

-0.722J 
-1 .1249 

2035033.873 
5 . 5 7 1 1  

2132552.063 
7 3 . 3 7 1 1  
13 .6777 
60 .2109 
-0 .1049 

1 
2 
3 
4 
9 
6 

9 
8 

10 
11 
12 
13 
14 
15 
16 
17  
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

385.0000 
13659.6802 

2270462.844 
493293.305 

58699.190 
12251.9379 
-1205.5931 

605.4404 
223386.131 

-396.868 

111244.291 
12325.98114 
842052.133 

6805096.813 
74860.320 
4125.6965 
-510 1237 

230.1280 
223306.139 

-927.387 
- 0 , 0 7 4 3  

0.0014 
-0.0000 
-0.0734 
-0.0007 

0.0000 
0 .3928 

79.2835 
425.11519 

5.1404 
30.0944 
15.8214 

325.8814 
271.0000 

0 .0133 

0.0000 
0.0000 
0 .0000  

-597.3a3 

223388.863 
21521532.00  27a0108.688 

432315.172 
189662.756 
13335.7235 
-1613.6308 

755.0117 
-0.007 

0.019 
0.002 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .3627 

79 .2125 
-524.2234 

0.0000 
29.9325 
-1 .6172 

4 .5835 
0 .0115 
0 .0242 

382.5483 
-0 .7545 
-1 .1731 

613323.820 
20908210.50 

226245e031 92498.028 

12423.813 
2152 eT470 

706.8168 
127.2329 

0.087 
2.b94 

2211082.681 
2324173.969 6.0389 

73.4810 
12 .2539 
4 1 . 9 7 0 1  
-0 .1121 
-0 .1742 

-0.002 
-0 .04T 

0 .462 
0 .6605 

-1.1850 
0.0000 
0 .0742 

-0 .0742 -0.0014 
0.0014 0.0000 

-0 .2379 -0.0006 
0.1532 0 .0002 

-524.3728 223293.939 
2392.6328 680.000 

-30 .4029 -0 .0406 
-0.0066 12325.989 

-1192830.172 1087.8029 
6490430.175 783.0726 

-230.609 
0.0000 

87168.1533 

1 
2 
3 
4 
I 
6 
7 
8 
9 

10 

13 
14 
15 
16 
17 
10 
20 19 

2 1  
2 2  
23 
24 
25 
26  27 

28 
29  
30 31 

32 
33 

11 12 

1 
2 
3 
4 
5 
6 
7 
a 

10 9 

11 
12 
13 
14 
15 
16 
17 
18  
20 19 

2 1  
22 
23  
24 25 

26 
27 
28 
29 30 

3 1  
32 
33 

- 0 . i b 2 1  
-0.002 
-0.048 

0 .439 
0 .6341 

-1 .1512 
0.0000 
0 .0791 

-0.0008 
0.0000 

-0.0003 
0.0002 

223276.590 
680.000 
-0.0403 

11739.369 
3885.3343 

836.91109 
- 3 . 0 4 5 6  

0.0000 
1a344.4407 

-921.376 
8 .8291 

-3 .6890 
n.oooo 0.0005 

-0.0000 
-0,0780 
-0.0012 

0.0000 
1.1028 

78 .9704 
425.112@7 

4 9059 
29:9934 
15 .6515 

340.8811 
271.0000 

0 . 0 0 1 1  

0.0000 
0.0000 
0 .0000  

...... 
-80 .50ab 

-4 .8740 
0.0000 
0 .4333 

18 .1078 
426.1277 

0 . 0 0 0 1  
73.8S66 
15.8958 
89 .3000 

0.0000 0.0000 

375.0000 
13264.7087 

2149831.219 
504281.656 

52836.440 
11876.4664 

-993.6439 
567.4456 

223538.043 
-581.834 
-912.827 

9 .5939 
-3 .6971 

0.0000 
-79 .7621 

-4 .8633 
0.0000 

116488.113 
11931.4617 
1101361.297 

223140.688 6118121625 
21520151.50  20908282.00  
2647301.844 205342.011 

447865.523 85527.369 
11122221727 11191.118 

-1436.9646 687.0804 
733.0976 119.6323 

-0 .006 0.075 
0.918 3.850 
0 .002 4 .170 

0.0000 103838.422 
0.0000 2471488.938 
0.0000 2473261.616 
0.0000 -0.0050 
0.0000 -0.0780 
0.0000 0 .0010 
0 .8230 -0 .2340 

79 .0710 0.1505 
-524.5465 -524.3724 

0 ,0000  2387.0595 
29 .8652 -30.4070 
- 1 . 6 9 2 1  - 0 . 0 0 6 4  

4 .5836 -1235300.578 
0 .0110 6441969.875 

0.0000 
379-2465  91610.9766 

13166.2534 202a.5122 

0.0231 - ~ 0 5 . 1 6 7  

-0.7329 
-1 .1405 

2093302.344 
5 , 7 3 6 1  

1 
2 

2 2 0 8 8 l b . 1 1 9  3 
73 .4079 4 
13.1974 5 
40.75 12 6 
-0 .1070 7 
-0 .1661 8 

-0,002 9 
- 0 . 0 4 1  10 

0 .44b 1 1  
0 .6422 12 

-1.1662 13 
0.0000 14 
0.0780 15 

-0 .0010 16 
0.0000 17 

-0.0004 18 
0.0003 19 

20 
680 ,000  2 1  
-0 .0403  22 

11931.462 23 
3951.9182 24 

818.9683 25 
-2.7310 26 

0.0000 27 

29 
30 
3 1  
32 
33 

223216.600 

11942.8572 28 

21521838.25  223327.236 

2848958.031 
423648.418 
193465.631 
13724.6741 
-1793.1842 

766.1713 
-0.007 

0.019 
0 ,002 

0.0000 
0.0000 
0.0000 

613666.180 
20908174.50  

237167.359 
96056.245 
13071.700 
2216 3654 

71613716 
131.1069 -0 .1786 

-0 .024 -0.002 
-0 .671 -0 .046 

-16 .264 0 . 4 7 1  
103820.255 0 .6644 

2443365.469 -1 .1951 
0.0000 2445106.406 
0 .0755  

-0.0012 
0.0000 

-0 .0004  
0 .0003  

223295.189 
680.000 
-0 .0404 

1 2 5 2 8 ~ 6 6 2  
4133.9616 

771.1583 
- 1 . 9 1 9 1  

0.0000 
16141.4043 

2271427.938 
6 .2243 

bY09836.563 
72592.596 
4013.0818 
-437.9877 

. m . 4 * a 6  
223538.051 

-587.3*8 
-912.835 

0.0010 
-0.0000 
-0.07bI 
-0.0013 

0.0000 
0.11537 

79.0733 
425.8393 

4 .9817 
30 .0269 
15.1149 

333.8056 
271.0000 

0 .0053  

- 0 . 0 7 a i  

0.0000 
0.0000 
0.0000 
0 .1513 

79 .3904 
-524.0638 

0.0000 
29.9663 
-1.S784 

4.5835 
0 .0117 
0 .0244 

384.2961 
-0.7658 
- 1 . 1 9 0 1  

-0 .0049 
-0.0755 

0 , 0 0 1 2  
-0 .2398 

0 , 1 5 4 3  
-524.3680 
2393.9476 

-30.4020 

0.0000 
0.0000 
0.0000 

9.1216 
-4 .8774 

0.0000 

0.0000 
0.0000 
0.0000 

8 4 9 4 7 . 9 1 8 0  

0 .0000  

1 
2 
3 
4 
5 
6 
1 
8 

10 9 

11 
12 
13 
14 
15 
16 
17 
18 
1 9  
20 
2 1  
22 
23 
24 25 

26  27 

20 
29 
30 3 1  

32 
33 

380.0000 
13460.4343 

2209677.688 
499055.367 

12062.7712 
-1099.3316 

586.2866 
223461.715 

-592.662 
-920.125 

9.20’19 

5 5 7 2 n . 5 ~  

113865.838 
12126.9413 
821565.905 

6107556.875 

612728.492 
20908246.25  

215638.260 
88981.9’14 

166003.600 
12735.0302 
883886.242 

b499630.7SO 
17195.671 
4241.7734 
-583.2647 

236.9731 
213263.014 

-606.723 
-942.180 

-0.0773 
0 .001s 
0.0000 

-0 e 0702 
-0.0006 

223263.828 
21521900.00 
2918059.438 

414381.197 
197324.650 
13916.5190 
-1913.3943 

7 7 1  - 6 6 9 2  
-0.007 

0.020 
0.002 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

-0 .0471 
19 .4999 

-523.9057 
0.0000 
30.0004 
-1 .5408 

4 .5835 
0 .0118 
0.0246 

20908138.50  613764.500 

248410.369 
99661,242 
13737.022 
2281.0255 

725,5845 
135.0311 

0.014 
3 .324 

103814.132 -10 .231 

2433100.188 

-0.0050 
-0.0772 

0.0015 
-0.2418 

0 . 1 5 5 1  
-524.3602 
2394.3252 

-30 .4018 
-0.0068 

-1156427.141 
66S71751313 

-246.988 
0.0000 

82728,4504 

24348a3.938 

2332766.156 

13718.108 
4068.9bP5 
-473.9310 

226.7671 
223461.723 

-592.990 
-920.130 

-0 .0167 
0.0005 

-0.0000 
-0.0762 
-0 .0011 
0.0000 
0.6110 

79 .1777 
425.11499 

11799.294 

-0 .1826 
-0.002 
-0 ,046 

0 . 4 8 1  
0 .6690 

-1.2046 
0.0000 
0.0772 

-0 .0011 
0.0000 

0.140 
1.319 

. .. 
0.018 
0,002 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.5866 

79.1760 
-524.3846 

0.0000 
29.8987 
-1.6548 

5.5895 
0.0113 
0 .0250 

..-. 
-3.6935 
0.0000 

-80.1406 
-4 .8696 

0.0000 
0.6848 

77.9706 

-0 .0166 
0.0005 

-0 .2359 
0 .1520 

-524.3744 
2390.3464 

-30.4046 
-0.0065 

-1214199.375 
6446255.813 

-218.693 
0.0000 

119309.1670 

-0.0406 
12135.031 
*204.0521 

11 6 .  6425 
0.0000 

127.7600 
8.7636 

-4.8004 

271.0000 
0.0017 

753.30i i  271.0000 
0 .0113 

0.0000 
0.0000 
0.0000 

0.0000 
0 . O O f l O  
0.0000 

386.1463 
-0.7115 

30 
3 1  
32 
33 

0.0000 -1.2077 0.0000 -1.1563 
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TABLE AP 3-2 ( S h e e t  10  of 1 7 )  
PREDICTED S-IVB-204 STAGE POWERED FLIGHT TRAJECTORY 

163382.701 
12945.2697 
905243elb4 

6b96622.063 
78389.227 
4301.2076 
-620.2432 

240.4604 
223448,906 

-612.657 
-950.741 

-0.0764 
0.0013 
0.0000 

-0.0773 
-0.0003 

0.0000 

2234S1.771 
21521723.75 
2988127.938 
404510.848 
201240.508 
14111.5463 
-2034.9145 

788.9106 
-0.007 

0.020 
0.002 

0.0000 
0.0000 
0.0000 

613624.836 
20908102.00 

259979.369 
103311.563 

14422.093 
2346.7800 

734.4998 
139.0074 

0.028 
2.728 

-6.864 
103807.986 

2422537.938 
2424324.469 

0.0000 -0.0050 0.0782 
0.0000 -0.0782 -0.0019 
0.0000 0.0013 0.0000 

-0 .2348 -0.2438 -0,0003 
79.6109 0.1571 0.0002 

-524.8415 -524.3564 223295.350 
0.0000 2393.7888 680.000 

30 .0346  -30.4022 -0.0405 
-1.9034 -0.0070 12945.270 

4.5835 -1134062.250 4275.2059 
0.0119 6461102.250 735.451b 
0.0247 -254.800 -1.3483 

0.0000 0.0000 
388,0515 80508.0566 15940.5103 

-0.7895 

2395113.531 
6.5632 

2504574.844 
73.5895 
10.8812 
44.0025 
-0.120s 
-0.1872 

-0.002 
-0.046 

415 .OOOO 
14934.8156 

2655741.281 
447424.316 

78659.107 
13453.7415 
-1856.5156 

727.2484 
223653.982 

10 -629.449 
11  -975.496 
12 6.4584 
13  - 3 . 6 4 5 4  
14 
15  
16 
17 
18 
19 
20 
Z 1  n 
21 
24 

155505.959 
13600.6874 
971132.813 

0486476.250 
82076.181 
4485.7074 
-733.0147 

251.2088 
223653.990 

-630.058 
-975.508 

-0 .0841  
0.0014 

-$:&4 
-0.0608+ 
b.OoO@, 

i9.9514 
--q. 6967 

425.8502 
5.6787 

30.3006w 
15.7901 

296.9543 
271 .0000 

-0.0146 

400.0000 

47279n.762 

14279.3191 
2498597.750 

68222*832 
12837.5818 
-1527.9213 

66$.7996 
223448.898 

-612.102 
-950.730 

7.6833 
-3.6686 
0.0000 

-81.6404 
-4.8832 

0.0000 
-0.2267 
78.5257 

425.7406 
0.0001 

73.2863 
15.9583 
75.3000 

11 6.6349 
0.0000 

127.9747 
8.3596 

-4.8832 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
1' 
18 
19 
20  
21 
22 
23 
24 
25 
26 
27 

29 
30 
31 
32 
33 

28 

0.491 
0.6744 

-1.2145 
0.0000 0.0000 

-82.8517 
-4.8969 
0.ooob 

-@.%5* 
TB:9'<*7 

. .o .*O'OOl 
4 2 5..%3b 

-72.6156 
'15.8456 

59.5500 
116.5797 

0.0000 
128.6090 

7.1483 
-4.8905 

0.0000 

-0.2055 
79.6102 

425.8665 
5 3974 

30:1968 
15.8943 

312.5965 
271.0000 

0,0028 
25 
26 
27 

0.0000 
0.0000 
0.0000 -1.2258 

28 
29 
30 
31 
32 
33 

0.0000 
0.0000 
0.0000 0.0000 

405.0000 160757.998 
14493.7043 13159.6018 

2523288.106 9268991789 

71597.813 79600.311 
13039.4347 4361.bb62 
-1636.6685 -657.5094 

685.2629 243.9960 
223517.016 223517.023 

-617.008 -617.580 
-959.022 -959.037 

7.2876 -0.0802 
-3,6602 0.0020 

0.0000 0.0000 
-82.0327 -0.0798 

-4.884s -0.0003 
0.0000 0.0000 

-0.4194 -0.3808 
78.6672 79.7223 

425.7283 425.8639 

73.0895 30.2313 
15.9433 15.8825 
70.0500 307.5037 

116.6504 271.0000 
0.0000 -0.0044 

128.1877 

4 6 4 ~ 8 7 . 5 0 ~  6493427.813 

0.0001 5.4884 

7.9673 0.0000 
-4.084'1 0.0000 

0.0000 0.0000 

223519.936 
21521317.75 
3059179.719 

394030.973 
205213.973 
14309.9008 
-2157.1787 

800.5 102 
-0.007 

0.021 
0.002 

0.0000 
0.0000 
o.ooo0 
0.0000 
0.0000 
0.0000 

-0.4097 
19.7234 

-525.0227 
0.0000 

30.0689 
-1.4657 

4.5835 
0.0120 
0.0249 

613254.727 
20908065.50 

271880.063 
107005.701 

15127.188 
2413.7127 

743.1070 
143.0403 

-0.045 
-0.386 

-22.524 
103801.793 

2411334.719 
2413124.031 

-0.0051 
-0.0801 

0.0020 
- 0 . 2 4 5 8  

0.1583 
-524.3676 
2392.3674 

-30.4033 
-0.0072 

-1111291.047 
6464940.313 

-261.161 
0.0000 

71284.0391 

245849'1.281 
6.7369 

2566754,844 
73.6253 
10.4349 
44.7345 
-0.1235 
-0.1919 

-0 .002 
-0.046 

0.s01 
0.6778 

-1.2243 
0.0000 
0.0801 

-0.0020 
0.0000 
-0.000~ 
0.000~ 

223298.973 
680.000 
-0.0*05 

13159.602 
4347,5330 

717.6281 
-1.0768 

0.0000 
15539.8691 

1 420.0000 152880.213 

3 2723539.656 993719.875 
4 437863.883 6482715.625 

2 15161.705n 13827.59~3 
223522.189 b10850.438 2655018.500 

21511802.75 20907954.75 7.2754 
3 2 7 8 4 p e . 2 ~ 1 . ' . ~ o 9 b 3 2 , 0 0 e  2759Z44S.$3'; 

35888 . I  g - z > 1 8 3 3 4 , 2 6 R  73.f31g 
217487 715.7 17365 .4l% ...' 9.1292 
14925 4324.'.: 26&?>& I 47i.0401 
-2530:5'ldb7!; 7p6$&35 d -0.1336 
836.2754 ,I 155.1795' ' -0.2069 

-0.ood 0.089 - 0 . n ~ ~  

5 82349.002 
6 13666.3704 
7 -1967.7654 
8 748.7968 
9 223519.115 

10 -634.681 
11  -983.154 
12 6.0392 
13  -3.6391 
14 -010000 
15 -83.2629 
16 -4.8950 
17  0.0000 
18 -0.9188 
19 79.0989 
20 426.0972 

22  72.4784 
23 15.7780 
24 54.3000 
25 116.5347 

21 0.0001 

83341,402 
4549.3416 
-771.3036 

254.891.1' 
223519.'1%3 

-6 35t%0- O<Qlb -5.959 -0 .046  
-983.463 9 005 10.744 0.534 

0.6959 
0.'0010 ' 0.0000 2374883.281 -1.2559 

-0.0000 0.0000 2376681.125 0.0000 
-0.0814 
-0,0013 

0.0000 
-0.8379 
8 0 . 0 6 8 5  

425.8577 
5.7782 

30.3355 
15.7247 

291 ~ 6 0 7 0  
271.0000 

-0.0147 

0.0000 
0.0000 

-0.0935 8.6000 103783.007 

8 
9 

10 
11  
12 
13  
14 
15 
16 
17 
18 
19 

0.0000 -0.0053 0.0833 
0.0000 -0.0833 -0.0010 
0.0000 0.0010 0.0000 

-0.8660 -0.2920 -0.0005 
80.0709 0.1628 0,0004 

-524.5731 -524.4121 223315.396 
0.0000 2383.1338 680.000 

30.1728 -30.4101 -0.0406 
-1.3625 -0.0078 13827.598 

4.5834 -1040310.469 L571.8021 
0.0123 6475945.875 663.9487 
0.0255 

396.6512 
-0.8418 

0.0000 -1.3043 

20 
21 
22  
23 
2 4  
25 
26 
27 

.~ 
26 0.0000 
27 128.8174 
28 6.7371 
29 -4.8950 

-272.117 -0.3294 
0.0000 0.0000 

71608.4697 16337.7930 28 
29 
30 
31 32 

3 3  

390.0735 
-0.8020 
-1.2466 30 0.0000 

31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

410.0000 
14712.1643 

2588997.000 
456430.785 

75076.023 
13244.7806 

706.0727 
223585.480 

-622.198 
-967.273 

6.8784 
-3.6520 

0.0000 
-82.4389 

-4.8871 
0.0000 

-0.5987 
78.8090 

425.7160 
0.0001 

72.8893 
15.9047 
64.8000 

116.6213 
0.0000 

128.3991 
7.5b11 

-4.8871 
0.0000 

-1746.1708 

158132.416 
13378.0366 
948861.2'73 

6490046.375 
80829.246 
4423.1511 
-695.0902 

247.5773 
223585.438 

-623.396 

-0.0834 
0.0013 
0.0000 

-0.0824 
-0.0006 

0.0000 
-0.5444 
79.8360 

425.8611 
5.5821 

30.2659 
15.8467 

302,2606 
271.0000 

-0.0 117 

0.0000 
0.0000 
0.0000 

-967.284 

223588.451 
21520690.25 
31312311b88 

382937.242 
209245.805 

612664.328 
20908028.75 

284118.367 
110742.048 

15852.583 
2481.8287 

751.3797 
147.1276 

-0.024 
-2.136 

-17.204 
103795.S74 

2399786.375 
24019711.500 

-0.0053 
-0.0832 

0.0013 
-0.2479 

0.11597 
-524.3816 
2390.1000 

-30.4050 
-0.0074 

-1088061.406 
6568697.121 

-266.130 
0.0000 

76039.18*6 

2522925.281 
6.9135 

2629994.341 
73.6610 

9.9942 
45.4912 
-0.1267 
-0.1968 

-0.002 
-0.046 

0.512 
0.6808 

-1.2350 

1 425.0000 
2 15392.9672 
3 2792410.438 
4 427744.961 
5 86147.656 
6 13882.8118 
7 -2079.9410 
8 770.7381 
9 223677.686 

10  -640.873 
11 -991.393 
12 5.6251 
13  -3.6349 
14 0.0000 
15  -83.6676 
16 -4.9005 
17 0.0000 
11) -1.0601 
19  79.2454 
20 426.3090 
21 0.0001 
22 72.2671 
23 15.7063 
24 50.8000 
25 116.5066 
26 0.0000 
27 129.0213 
28 6.3324 
29 -4.9003 
30 0.0000 
31 
32 
33 

150256.736 
14058.8994 

1016627.836 
6478762.563 

84625.169 
6614 + IO03 
-809.9638 

258.6289 
223677.695 

-641.417 
-991.403 

-0.0820 
0.0011 

-0.0000 
-0.0804 
-0.0010 

0.0000 
-0.96192 
80.1074 

425.8648 

30.3705 
15.6551 

288.0495 
271 .OOOO 

-0.0138 

0.0000 
0.0000 
0.0000 

5.8805 

223680.814 
215175b0.25 
3353962.500 

345916.902 
221699.598 
15138.0948 
-26157.3628 

848.5184 
-0 .008 

0.023 
0.002 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

-0.9959 
80.1902 

-524.6844 
0.0000 

30.2077 
-1.3323 

4.5833 
0.0124 
0.0256 

399.0689 
-0.8561 
-1.3260 

609644.641 
20907917.75 

322919.781 
122186.313 

18153.455 
2693.6079 

773.9448 

2722723.813 
7.4610 

282629~.813 
73.7670 

8.7049 
47.895* 
-0.1372 
-0,2123 

-n.ooz 
-0.046 

0.547 
0.7053 

14511.6321 
-2280.4753 

812.2599 
-0.007 

0.021 
0.002 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

-0.5730 
79.8376 

-125.1987 
0.0000 

30.1034 
-1.4293 

4.5834 
0.0121 
0.0251 

159.7497 
0.153 
8.698 

15.520 
103776.652 

2361462.781 2363263.469 

-0.0052 
-0.0819 

0.0011 0.0000 
-0.2539 -0.0004 

0.1643 0.0003 
-524.4170 223321.441 
2318.5029 680.000 

-30.4136 
-0.0080 

-1024040.742 
6478277.188 

-212.997 
0.0000 

69386.6211 

i i  
12 
13  
14 
15 

-1.2657 
0.0000 
0.08k9 

-0.001 1 

0.0000 
0.0832 

-0.0013 
0.0000 
-0.0003 
0.0003 

223303,764 

-0.0405 
13318.036 
4421.0472 

699.7710 
-0.8176 
0.0000 

15139.188'1 

680.000 

16 
17 
18 
19 
20 
21 
22 
23 
2 4  
25 
26 
2 1  
2 1  
29 
30 
31 
32 
33 

14058.900 -0.0406 

4623.1904 
651.9906 

-0.1744 
0.0000 

13936.2075 392.1583 
-0.8148 
-1.2638 
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TABLE AP 3-2 (Sheet 11 of 17) 
PREDICTED S-IVB-204 STAGE POWERED FLIGHT TRAJECTORY 

139767.1~ 
15029.2520 
1111585.031 
6460988.500 

89951.460 

-968.4868 
274.1619 

222760.202 
-661.217 
-1020.519 
-0.0767 
0.0011 
-0.0000 
-0.0740 
-0.0020 
0.0000 
-1.3803 
80.6023 
425.8807 
6.3201 
30.5114 
15.3565 
267.0299 
271.0000 
-0.0052 

4884.8354 

3005120.936 
8 .2348  

3104259.000 
73.9061 
7.0609 
S1.2788 
-0.1521 
-0.2349 

-0.003 
-0.049 
0.621 
0.7418 
-1.3085 
0.0000 
0,0765 
-0.0011 
0.0000 

-0.0006 
0.0005 

223311.998 
686.403 
-0.0408 

15029.252 
4944.1880 
580.2915 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11  
12 
13 
14 
15 
16 
17 
18 
20 19 

21 
22 
23 
2 4  
25 
26 
27 
28 
29 30 

31 
32 
33 

1 
2 
3 
4 
5 
6 
1 
8 
9 
11 10 

12 
13 
14 
15 
16 
17 
18 
20 19 

21 
22 
23 
25 2 4  

26 
27 
28 
29 30 

31 
32 
33 

430.0000 
15628.6711 

2862373.31 
*17062,81 
90057.01 
14103.141 
-2193.056 
793.08C 

223604.71 
-646.0! 
-999.7t 
5.215 
-3.6291 
0.0000 

-84.0647 
-4.9060 
0.0000 
-1.1890 
79.3934 

426.2314 
0 0001 
72:0529 
15.6332 
45.5500 
116.4686 
0.0000 

129.2300 
5.9353 

-4.9060 
0.0000 

147633.477 
14294.65V2 

223607.095 608212r213 2711564.313 
21116129.75 20907100.25 7.6496 

1 
2 
3 
4 
5 
6 
1 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2 4  
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 

3 
4 
5 
6 
1 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2 4  
25 
26 
27 
28 
29 

31 
32 
33 

30 

445.0000 
16363.0221 
3079011.938 

102469.871 
14788.2303 
-2538.2204 
062.6109 

222760.252 
-660,619 
-1020.549 

4.0393 
-3.6162 
-0.0000 

-85.2168 
-4.9247 
0.0000 

-1.5021 
79.8464 
425.3981 
0.0001 

71.3859 
15.4001 
29.8000 
116.3875 
0 0000 

129:8392 
4.1832 
4.9247 
0.0000 

381589.18e 
1039862.51 
bb74615.31 
85927.76 
4680.004 
-849.001 

262.42? 

-646.6! 
-999.71 
-0.08f 

223604.7a 

3k29791.59k 336570,164 2893991.34b 
332310.340 126073.020 73.8021 

11334.3778 7?66.786e 48.730'1 
225973.209 18963,014 8.2859 
- - . . . _ _  
-2781.4532 -780;6766 -0;lSh 

-0.2179 
-0.003 
-0.046 

0.lbO 
0.7143 
-1.27b9 
0.0000 
0.0803 
-0.0009 
0.0000 

860.1670 164.0817 
-0.008 0.093 

0 .024  -6.153 
0.002 11.513 
0.0000 103770.269 
0.0000 2347623.688 
0.0000 2349427.250 
0.0000 -0.0051 
0 ,0000  -0.0003 
0.0000 0.0009 
-1.1149 -0.2562 
80 e 3 1  13 0.1657 

-524.6087 -524.4210 
0 0000 2313.1556 
3032426 -30.417b 
-1.3013 -0.0083 

4 .5833  -999320.289 
0.0126 6411691.125 
0.0259 -273.315 

0.0000 
401.5603 67165.2891 
-0.8707 
-1.3480 

0.027 -1,303 
0.002 14,095 
0.0000 103750.797 
0.0000 2301479.594 
0.0000 2303291.938 
0.0000 -0.0048 
0.0000 -0.0765 

0.0009 
-0.0000 
-0.0790 
-0.0012 

0.0000 0 roo00 0,0011 
-1.4067 -0.2625 
80.6862 0.1101 

-523.6112 -524.4203 
0.0000 2353.2676 

30.3400 -30.4324 
-1.2163 -0.0094 
4.5832 -922795.969 
0.0132 6491340.500 
0.0266 -267.409 

n.nonn 

-1.0875 
80.3012 
625.8710 

30.4056 
15.58b1 

282.7420 
271.0000 
-0.0126 

0.0000 
0.0000 
0 ,0000  

5.9859 

-0.0004 
0.0003 

223327.016 
680 ,000  
-0.0407 

14294.619 
4701.386V 
634.0617 
0.0521 
0.0000 

13534.3245 

a.isi0 
0.0000 

12330~7021 0.0000 
0.0000 
0.0000 

-.---_ 
409.8387 60502.7598 
-0.9182 
-1.4194 

223531.011) b06681.930 
21514122.25 20907842.75 

318060.152 129992.366 
230309.529 19794.419 
15574.3923 2841.296l 
-2914.8135 781.9999 
873.6068 168.4893 
-0.009 0.155 
0.025 5.228 
0.002 17.702 
0.0000 103763.822 
0.0000 2332896.438 
0.0000 2334702.906 
0.0000 -0.0050 
0.0000 -0.0795 
0.0000 0.0009 
-1.2230 -0 .2582 
80.4343 0.1b72 

-524.3330 -524.4235 
0 0000 2367.1247 
30:2777 -30.4220 
-1.2730 -0.0086 
4.5833 -974203.531 
0.0128 6485007.375 
0.0261 -272.466 

0.0000 
404.2065 64944.2354 

3~07111.2~0 350589.738 

-0.8860 
-1.3711 

2061561.813 
7.8414 

2962178.500 
73.8369 
7.8723 
49.5958 
-0.1446 
-0.2235 

-0.003 
-0,041 
0.578 

0.7231 
-1.2869 
0.0000 
0.0791 
-0.0009 
0.0000 

-0.0004 
0,OOOb 

223331.262 
681.883 
-0.0407 

14536.927 
1780.9299 
616.1275 
0.2701 
0.0000 

13132.5396 

435.0000 
15868.8681 

2933b47.625 
405812.680 
94079.078 

-2307.1301 
815.8337 

223531.183 
-651.714 
-1007.25 1 

4.8182 
- 3 . 6 2 5 4  
0.0000 

-84.4461 
-4.9123 
0.0000 
-1.3057 
19.5421 
426.1539 
0.0001 
71.8344 
15.5568 
40.3000 
116.4345 
0.0000 

129.4343 
5.5433 

-4.9123 
0.0000 

i43~7.443a 

145010.594 
14534.92b1 
1061429.5'18 
b470271.813 

4747.0810 
-1188.4369 
266-2759 

223531.793 
-652.313 
-1007.260 
-0.0797 
0.0009 
-0.0000 
-0.0776 
-0.00 12 

O.dO0O 
-1.1959 
80.4309 

425.8775 
6.09L2 
30.4407 
15.5096 
277.4496 
271.0000 
-0.0106 

87249.4ai 

450.0000 
16616,7871 
5153541.594 
368601.695 
106842.703 
15024.5453 
-2655.2909 

886.6303 
222711.996 
-666.822 
-102R.098 

3.6641 
-3.6150 

137149.021 
15283e1161 

1136185.063 
0456044.621 
91332.307 
4955.4561 
-1009.12b3 

278.1926 
222712.008 
-667.390 
-1028.100 
-0.0780 
-0.0001 
-0.0000 
-0.0104 
-0.0013 
0.0000 
-1.4567 
80.8110 

425.8723 
6.4376 
30.5468 
15.2817 

261,9710 
271.0000 
0.0001 

0.0000 
0.0000 
0.0000 

3018727.750 
8.4366 

3176800.031 
73.9401 
6.6630 

5 2 . 2 4 6 3  
-0.1561 
-0.2412 

-0.003 
-0.050 
0.641 
0.7547 

-1.3191 
0.0000 
0.0729 
0.0001 
0.0000 

-0 ,0003  
0,0002 

223322.096 
688.753 
-0.0408 

15283.11b 
5021.8342 
562.3659 

0 .8865  
11933.4180 0.0000 

0.0000 
-85.5791 
-4.9341 
0.0000 
-1.5838 
80.0006 

425.3457 
0.0001 
71.1557 
15.3239 
24.5500 
116.3825 
0.0000 

130.0398 
4.4209 
-4.9341 
0.0000 

S0.SlSl 0.1717 
-523.6024 -524.4011 

0.0000 2345.3206 
30.3833 -30 .4382  
-1.1923 -0.0098 
4.5832 0.0131 -896516.492 6494354.438 

0.0000 
412.8345 50281.9375 

a.0269 -263.274 

-1.1923 -0.0098 
4.5832 0.0131 -896516.492 6494354.438 

0.0000 
412.8345 50281.9375 

a.0269 -263.274 

0.0000 
0.0000 
0,0000 

-0.9350 
-1.4448 

1 440.0000 lk2388.090 223462.420 604944.195 
2 16113.6861 14779.8256 21512746.25 20907803.25 
3 3005653.688 1087335.078 3585541.188 364985.301 

393989.727 6465730.230 303159.934 133942.285 

2932739.625 
8.0365 

303295b.073 
73.8716 
7.4640 
S0.4928 
-0.1483 
-0 .2296 

-0.00s 
-0,048 
0.599 
0.7320 
-1.2977 
0.0000 
0.0776 
-0.0008 
0.0000 
-0.0001 

0 . 0 0 0 ~  
223335.041 

684.113 
-0.0408 

14779.826 
4861.8609 
598.2066 
0.4829 
0.0000 

12130.0530 

1 455.0000 134532.010 222604.438 5988261461 
2 16075.5166 15541.94W 21506516.50 20907691.75 
3 3229263.969 1161141.581 3827687.844 410496.180 
4 15103b.547 bb50896.563 254493.203 145914.309 
5 
6 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2 1  

3153184.094 
8.6417 

3250629.219 
73.9746 
6.2704 
53.2361 
-0.1605 
-0.2479 
-0.001 
-0.051 

0.669 
0.7632 - 1.329 1 

4 
5 
6 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24  
25 
26 
27 
20 
29 
30 
31 
32 
33 

-. -. . . . 
111336.885 
15265.3458 
-2773.3149 
91 1.1260 

222600.996 
-671.146 - 1036.536 

3.3056 
-3.6102 
0.0000 

i2733.419 
5027.40b1 
-1050,1604 
282.2951 

222601.008 
-671.705 
-1036.548 
-0.0711 
0.0016 
0.0000 

248301.645 
16494.0759 
-34h1.4016 
926.1631 
-0.010 
0.029 
0.002 
0.0000 
0.0000 
0.0000 

23345.453 
3153.0772 
808.0771 
186.8083 

0.065 
-2.148 
2.949 

103737.533 
2266037.313 
2268655.563 

9821S1969 88590.611 
... . . -.~. -.- . 

234109.553 20648.016 
15798.4260 2917.1819 
-3041.4680 792.9086 
886.4463 172.9631 
-0.009 0.129 

14555.8362 
-2422.1763 
839.0119 

223459.133 

4015.3696 
-928.2604 
27011894 

223459.1b3 
-657.052 

-1015,398 
4.4249 

-3.6206 
0.0000 

-84.8402 
-4.91114 
0.0000 
-1.4102 
79.6930 

426.0'163 
0.0001 
71.6122 
15.4788 
35.0500 
116.4076 
0 0000 

12936373 
5.1591 
-4.9104 
0.0000 

-657.652 
-1013.40b 
-0.0777 
0.0008 
-0.0000 
-0.0739 
-0.0012 
0.0000 
-1.2934 
80.5516 
425.8815 

30.47CO 
15.4334 

272.2139 
271.0000 
-0.0082 

0.0000 
0.0000 
0.0000 

6.to5-1 

0.0000 
0.0709 

-0.0016 
0 .oooo 

-85.9290 
-4.9393 
0.0000 
-1.6527 
80.1566 

-0.0704 
-0.0007 
0.0000 
-1.5221 
80.9419 
425.8637 
6,5584 

30.S823 
15.2149 

251.0992 
271.0000 
0 .OOOJ 

0.0000 
0.0000 
0.0000 

0.0000 -0.OObS 
0.0000 -0.0709 
0.0000 0.0016 
-1.5478 -0.2668 
a0.9462 0.1729 

-123.3684 -524.3903 
0.0000 2336.95J8 
30.4187 -30.4444 
-1.1650 -0.0103 

4.5832 -869852.672 
0.0138 6497266.063 
0.0212 -258.104 

0.0000 
416.0236 56062.3281 
-0.9527 
-1.4714 

-0.0007 

691.168 
-0.0409 

15541.950 
5113.0029 
544.5163 

1 .OB28 
0.0000 

llS3b.1343 

223310.652 0.0001 
sri.iz37 
0.0001 

70.9213 
15.2554 
19.3000 
116.3863 
0.0000 

130.2393 
4.0710 
-4.9393 

-524.k581 -524.4246 
0.0000 2360.4509 
30.3128 -30.4270 
-1.2442 -0.0090 
4.1832 -9406911.992 
0.0130 6488223.500 
0.0264 -270.483 

0.0000 
406.9360 62723.6629 
-0.9017 
-1.3947 

26 
27 
20 
29 
30 
31 
32 
33 

0.0000 
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TABLE AP 3-2 (Sheet 12 of 1 7 )  
PREDICTED S-IVB-204 STAGE POWERED FLIGHT TRAJECTORY 

1 
2 
3 
4 
I 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33  

460.0000 131915.2117 222567.8bl 596526.156 322971S.594 
17139.4490 15805.9904 21504178.25 20907654.00 8.8503 

3306202.121 1186461.203 3910757.469 426464.996 3325749.594 
340870.938 6445562.375 236926.893 1-1nnn5.cbi 76.0086 

1 
2 
3 
4 
5 

‘ 6  
7 
8 
9 
10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
23 
26 
27 
28 
29 

474.1400 
17909.6421 
3530566.608 
297563.730 
129703.361 
16226.4364 
-3235.0156 
1008.9191 

213509.244 
-672.612 
-1029.829 

1.8851 
-3.5895 
0.0000 

-87.3062 
-4,9730 
0.0000 
-1.8110 
80.7698 

425.6200 
0.0002 

69.9847 
14.8736 
0.0000 

115.3577 

130.9934 
2.6938 
-4.9730 

o.ooon 

124578.113 
16576.5037 
1260091.313 
6429266.000 
98291 134 
5314~4153 

-1211.2502 
298.5351 

213509.298 
-673.150 
-1029.790 
-0.06’16 
-0.0056 
-0.0000 
-0.33’17 
-0.0141 
0.0000 
-1.6762 
81.4629 
0.0000 

213512.805 589470.094 3432143.250 
9.4599 

3565457.34b 
74.1039 
4.8144 
55.141‘1 
-0.1737 
-0.2660 
-0.001 
4.056 
0.771 

0.8064 
-1.3835 
0.0000 
0.0675 
0.0056 
0.0000 
-0.0004 
0.0003 
0.000 

700.987 
-0.0411 

16576.504 
5438.5930 
470.0653 

1.6957 
0.0000 

10015.5144 

- -. . . - - - - - - . . - ._._. 
115954.701 94155.352 212966.539 74791.384 5 . 8 8 7 8  ... -~ 
19510.8915 5100.75di i6534.73B3 ~ 2 ~ 4 : ~ 3 ~ 4  34.2832 
-2892.2844 -1091.3935 -3581.3365 812.2888 -0.1649 
936.0930 286.4b54 939.8451 191.5783 -0.2547 

222564.367 222564.379 -0.011 -0.008 -n.onk ~..-.  _.... ..._ 
-675.982 -676.564 0.030 5.081 -n.o5z ~ . . . ~  ... - ..._- 
-1044,456 -1044.4?0 0.002 -18.078 0.695 

2.9459 -0.0732 0.0000 103730.851 0.7669 
-3.6027 0.0016 0.0000 2248336.063 -1.3396 
-0.0000 0.0000 o.oooo 2290157.313 n.oann 

0.0000 103711.535 
0.0000 2190476.188 
0.0000 2192306.125 
0.0000 -0.0042 

-.. - .  - - _ _  
-86.2851 -0.07tl 0.0000 -0.0046 0.0731 
-4.9422 -0.0005 0.0000 -0,0731 -0,0016 
0.0000 0.0000 0.0000 0.0016 0.0000 
-1.7093 -1.57b3 -1.6017 -0.2619 -0.0004 
80.3143 81.07b9 11.0794 0.1742 0.0003 
425.2789 425.8566 -523.3374 -524.3736 2232911.893 
0.0001 6.6824 0.0000 2328.1215 693,649 
70.6828 30.6178 30.4540 -30.4509 -0.0409 
15,1768 15.1381 -1.1356 -0.0108 15809.990 
15.8000 253.8534 415832 -851821.688 5170.6715 

116.3828 271.0000 0.0139 6499155.629 532.6440 
0.0000 -0.0019 0.0273 -254.097 1.2076 

130.4378 0.0000 0.0000 
3.7149 0.0000 419.3166 53842.9961 11138.7449 

0.0000 0.0000 -1.*988 
-4.9422 o.ooeo -0.9709 

0.0000 -0.0675 
0.0000 -0.0056 
-1.7005 -0.2763 
81.4677 0.1806 -.- .. 

-5oi.0578 0.0000 
0.0000 Zp01.0228 
30.5542 -30.4710 
-1.0648 -0.0123 
4.5815 -757698.688 
0.0133 6508366.875 
0.0287 -231.086 

0.0000 
429.5578 47629.1777 
-1.0263 
-1.5822 

7.0493 
30.7183 
14.8387 

240.5733 
270.1101 
0.9479 

0,0000 
0.0000 
0.0000 30 0.0000 

31 
32 
33  

I 
2 
3 
4 
5 
6 
7 
8 
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0.8967 
-S.0?89 
0.0000 

1346 1893 
3338:1?86 
744.8739 

151~79.irn9 

-a771:3,aa 

114021:564 
11686.5593 
1374121.516 
6L02071.563 
104701.816 
5617.1116 
-1397.8042 
316.0898 

1918151834 
-628.000 
-947.786 

-0.0366 
0.0116 
-0 * 0001 
-0.02’19 
0.0100 
0.0000 
-1.7843 
12.07L2 
0.0000 
7.5911 
30.8697 
14.0985 

240.5733 
250.2124 
0.0603 

191119.205 

4526662.751 
94306.431 
287567.734 
18428.0311 
-6565.9630 

1037.03111 
-0.015 

0.040 
0.003 
0.0000 
0.0000 
0.0000 

-6.6116 
0.0000 
0.0000 
0.0000 0.0000 

-1.8070 -0.0005 
82.0793 0.0003 

447.0997 0.000 
I 111 915 
-0.&lB 

21485in4.50 

0.0000 
30 e 7 0  11 
-1.0780 ____._ . 11686.560 
6.5817 -651201.203 9757.6060 
0,0193 6?ll6554.000 392.9541 
0.0322 -189 473 2 742’1 

445.8694 39491.1367 8397.1896 
-1.1126 -11.6923 

o.ioo0 0:oooo 

577798.336 

549907.117 
178753.314 
31394.084 
3814,6193 

824.8862 
225.1042 

1.699 
hh.11h 

~090738n.t~ 
379914212SO 

10.4119 
3889183.063 

74.2418 
3.3098 

S3.7483 
-0.1759 
-0.2656 
-0.005 -. -0.061 
0.077 

0.183B 
2097558.219 -1.4000 
2099400.969 0.0000 

-0.0023 0.0363 
-0.0361 
0.0116 
-0.2831 
0.1816 
0.0000 

2256 1976 
-30:5043 
-n.oiso 

3011.960 
103682e6?1 

2 1 19827.9158 510.0000 108202 .402  
18495.7681 
1.(60020~703 
6380079.813 
109535.371 
5136.6093 

-1533.3711 
328r2817 

187914.416 
-623.311 
-950.90a 
0.2907 
o.aisi 

-0.0001 
o.zsai 
0.0100 
0.0000 
-1,7592 
02.5399 
0.0050 
8.0013 
30.9700 
16.3683 

240. 5733 
250~62b5 
0.5615 

187987.857. 
21476006.00 
4808260.688 
22115.232 

303w.a2+ 
19148.9436 4064 3490 
-5030.5716 82S:5619 
1017.037* 239.9912 

-0.017 0.645 
0.013 49,777 
0.002 226.482 

.O.OOOO 103661.580 
0.0000 2024201.656 
0.0000 2026053.813 
0.0000 0.0114 
0.0000 0.2902 
0.0000 0.0131 

568732.727 
20907276.00 
608987.07(1 
191123~723 
35087.464 

4063403.906 
11.1350 

4150619.969 
74.3386 

3 4143883.438 
4 165034 ,518  
5 169234.172 
6 17982 3872 
7 -4158:8461 
8 1196.3262 

10 -625.316 
11 -950.799 
12 1.5464 
13 -3 .4380  
14 -0.0000 
15 -87,1166 
16 -4.8700 
17 0.0000 
18 -1.0T96 
19 81.9921 
20 425.62011 

22 68.0513 
23 ’ 16.3841 
24 0.0000 
25 86.1206 

9 i879n4.m~ 

21 0 . 0 ~ 0 3  

4 
5 
6 

8 
10 9 

I1 
12 
13 
14 
1s 
16 
17 
18 
19 20 

21 
22 
23 
24 
25 
26 27 

20 
29 
30 
31 32 

33 

2.2788 
55.8972 
-0.1859 

-0.008 
-0.055 
1.158 

1.3333 
-1.4312 
0.0000 

-0.2902 
-0.0151 
0.0000 

-0.0009 
-0.0115 
0.000 

720.079 
-0.0411 

11b95.769 
6018.2813 

363.68 10 
3.1381 
0.0000 

1259.7721 
-10.5566 
91.0311 

-177,3476 -163.3~2 

31.7661 

-0.2a21 

- 1 . i ~  -0.ra9i 
82.5389 0.1900 

-437.3841 0.0000 
0.0000 2221.3812 
30.aoso -30.5301 
-0.7597 -0.0174 
4.5a78 -597aa5.477 
0.0260 6518720.250 
0.0303 -161~58S 0.0000 

458.6431 34013.S254 

26 0.0000 
27 132.3629 
28 2.8834 
29 -4-a?oo 

0.0000 
0.0000 
0.0000 

49932 4604 
18998:0649 
1348.2617 

0.0000 
0.0000 
0.0000 

66341 5615 
19804:2410 1451.7487 

-1.1707 

0.?0119 53.0189 
31.6092 214939724.0 

-i.aioo 

20708.7368 32.a272 

. .~ 
“117118 a9.9167 
0 44870 50 6529 -171 777) 
3i.6095 199509444.0 -164:0476 

19949.7573 5L.8110 31.7819 

_. .. 
i o  0.0000 -..... 
3i i~ii.568i 
32 3537.0404 
33 768.7305 
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TABLE AP 3-2 (Sheet 1 4  of 17)  
PREDICTED S-LVB-204 STAGE POWERED FLIGHT TRAJECTORY 

1 
2 
3 

5 
6 

I 
9 
10 
11 
12 
13 
14 
15 
16 
17 
10 
19 
20 
21 
22 
23 
24  
25 
26 
27 
28 
29 
30 
31 32 

33 

1 
2 
3 

5 
6 
7 

9 
10 
11 
12 
13 
14 
19 
16 
17 
18 
19 
20 
21 
22 
23 
24  
25 
26 
27 
28 
29 
31 30 

32 
33 

n 

91 s.0000 
20102.5642 

4234429.188 
143939.426 
175281.176 
in~3s.4~81 
-4270.3n79 

imzb.ia6 

-3.3860 

1222.3967 

-549.989 
-952.689 

2.2464 

0.0000 
-87.0306 

- 4 . 8 3 0 )  
0.0000 
-1.8127 
82.167$ 

429.6208 
0.0003 
67.7717 
17.2781 
0.0000 
E2.1170 
0.0000 

132.5403 
2.9694 

-4.8301 
0.0000 

lS72 0184 
3536:5388 

776.4971 

920.0000 
20381.9501 
43262'r3.623 
122248.843 
1814br).031 
18493.0972 

1249.0696 
187073.709 

-439n.3301 

-627.789 
-997.983 

1.5690 
-3.33l.b 
0.o000 

-87.64$0 

0.0000 
-1.7369 
82 .3442  

429.8703 
0.0003 
67.4806 
1b.7080 
0.0000 
77.5927 
0.0000 

132,7333 
2.3920 

0.0000 
1636 0949 
3536:0204 
789.0811 

- 4 . 8 0 ~  

-4.8098 

106019~014 
10770.45TJ 

6172306.563 
111186.bBb 

-1575.7634 
332.2329 

187426.205 
-530.770 
-992.787 
-0.1018 

0.0077 
0.0008 
-0.119s 
0.0090 
0.0000 
-1.0926 
82.6898 

0.00BO 

14a9391.047 

s9ii.ns92 

8,14B4 
31.0064 
17.2662 

240.5733 
249-0764 
0.3515 

0.0000 
0.0000 
0.0000 

45170.2581 
20079.1633 
1492.9704 

103041.1961 
19049.9375 
1919141.067 
8364321.580 
112857.604 
5988.4811 

-1bl8.4444 
336.S924 

107073.717 
-628.731 
-950.022 
-0*1224 
0.0091 

-0.0001 
-0.1306 
o.ooie 
o.ooao 

-1.6211 
82.3476 

629.8703 
8 . 2 8 T E  
31.0385 
16.7772 

240.9733 
246.2315 
0.1920 

0.0000 
0.0080 
0.0000 

64002 4004 
20399:1493 
1537.6119 

187429.438 s65727.0a8 
21472989.00 20907239.00 
4904e19.938 6295211422 
-3347.473 195230.205 
308803.379 36299.095 
19399.3239 4190.0804 
-5169.8173 828.4m 
io9o.oooa 244.6693 

-0.018 -10.73g 
0.099 -9.5417 
0,002 -2128.644 

0.0000 103694.403 
0.0000 19973231234 
0.0000 39991781363 
0.0000 -0.0060 
0.0000 -0.1016 
0.0000 0.0077 

-1.7136 -0,2912 
82.6957 0.1684 

-436.0384 0.0000 
0,0000 2209 8378 

-0.6798 -0.0183 
4.9893 -575692.344 
0.0228 6319737.563 
0.0298 -125.426 

0.0000 
483.2942 32209.3203 

no.8392 -30:~3a7 

-1.2024 
-1.8463 
0 .38454  43,9669 
31.b096 220329098.0 

20967.3389 32.0212 

187077.238 4b2300*449 
21470000.29 20907202.29 
500222~.60B 610490.297 
-29345.240 199607.387 
314325.777 37934.129 
19647.2119 4237.3974 
-33a9.8464 831.@999 
1102.9914 249.3976 

-0.019 0.699 
0.061 -35.579 
0.002 136.455 
0.0000 103b47.179 
0.0000 1969999.922 
0.0000 1971494.493 
0.0000 -0.0072 
0.0000 -0.1222 
0.0000 0.0051 
-1.6621 -0.2934 
82.8S21 0.1926 

-499.1864 -439.1864 
0.8000 2198.5984 
30.8732 -30.3471 

41940301031 
11.3839 

k260493.000 
'14.3706 
1.969Z 

36.0789 
-0.18b'3 
-0.2191 

-0.00e 
-0.0% 
1.279 

-1 9 4448 
0.0000 
0.1014 
-0.0077 
0.0000 
-0.0003 
0.0132 
0.000 

722 181 
-0.641 9 

18970.650 
6106.7100 
354.6814 
2.9998 
0.0000 

6876.6916 
-10.1702 
91.4929 

-177.2933 
-1b2.8361 
31.790Y 

0.7211 

62~6o~n.000 
11.6356 

4331772.813 
74.401U 
1.6171 

57.9629 
-0.1945 
-6.296% 
-0.009 
-0.091 

1.300 
0.7858 
-1.4586 
6.0000 
0.1222 

-0.0031 
0.0000 
-0.0003 
-0.0019 

167073.725 
924.316 
-0.0411 

19049.938 
8196.19112 
343.0097 
2.7810 
0.0000 

6497.9827 
-9.7798 
91.9903 

-177 1681 
-162:2395 
31.7278 

1 925.0000 101666.9b6 186?8O.L39 539963.196 6339400.063 

3 4419363.000 1549277.854 5101098.500 671899.063 4 4 2 4 4 7 9 a 2 3 0  
6 99951.913 6356120 .6L3  -56430.885 203>67.166 74.4330 

2 20667.1102 1933r.24~3 21467127.25 20907166.00 ii.u9ia 

10 
11 
12 
13 
14 
19 
16 
17 
18 
19 
20 . 
21 0.0003 
22 67.1849 
23 16.3118 
24 o.oeo0 
25 72.0158 
26 0 0000 
2 1  132:9172 
2 1  1.64.18 
29 -4.86'14 

ie777i.sia 114358.664 
18755.9265 6066.6175 
-4920.9283 -1662eE557 
1276.0040 34Oel8Q7 
186776.302 10077b.523 
-621.lBS -622.399 
-961.991 -962,009 
0.8979 -0.151$ 
-3.3371 0.8014 
0.0000 0.0000 

-k.8076 -0.0013 
o m 0 0  0.00~0 
-1.8923 -1.8458 
0215230 83.0077 

-n8.3m -0.1586 

429.89'18 429.m2 
8 . 4 3 2 ~  
3100793 
16.3013 

24009733 
242.3399 

0.0797 

0.0080 
0.0080 

319m.402 3879z.nn 
19903,5620 4326 .4430  
-5482.9378 832.6979 
1116.1057 254.1007 

-0.020 -0.v97 
0.062 -1b.243 
0.002 -171.438 

0.0000 103639aE32 

0.0000 1942092~*8* 
0.0000 -0.OOOLI 
0.0008 
0.0000 O.OOI4 
-1.3659 -0.29'1 
03.0121 0. IC09 

-434.4673 -434.835) 

o.oooe i94019o.m 

0.0000 
30.9069 
-0.blIZ 
4.5907 
0.0163 
0.0293 

1.2945 
39.1082 
-0.1960 
-0.304A 
-0.010 
-0.052 

1.318 
0.7622 
-1.4709 
0.0800 
0.1311 

-0.1911 *0.0016 
0.0000 
-0.0004 

0.0021 

2101.7018 724.69E 
-30.5952 -0.0418 

10.0202 19339.2&.9 
-519715*399 bZI8.865PI 
6522595.313 328.3228 

-96.312 2,5111 
0.0000 0.OBOB 

493.1188 2061b.668e 5119.3211 
-1.2922 -9.3128 

186929.057 

30 0.0000 0.0000 -1e9L09 92.'r69B 
31 1706 0215 62834.3813 0 31949 96 0966 ol'n.082P 
32 3339:5035 2064S.0669 3i .6106 231660i76.0 -161.583%1 
33 800.4189 15850R188 21500.8718 30.2018 31.69bO 

I 
2 
3 

3 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 :! 
in 
19 
20 
21 
22 
23 
24  
25 
26 
27 
28 
29 
30 
31 
32 
33  

930 * 0000 
20958.4188 

4513809.879 
77034.164 

19025.0393 
-4646.7691 
1303.6679 

186324.297 
-629.973 

0.0923 
-3.3314 
-0.0000 
-89.1136 
4.8202 
0.0000 

-1.3663 
82.7040 

429-9263 
0.0003 
66.8843 
15.6989 
0.0000 

69.2644 
0.0000 

133.1002 
0.8264 

-4.8202 
0.0000 

1776.3b71 
3334.9931 

U12.8042 

194220.sa3 

-969.918 

99497.092 
19626.6484 

1979809.234 
6347699.083 
118259.667 b146 .29n 

-3706.7813 
344.2942 

-629,276 
-965.908 
-0.1679 

186324.3ia 

-0.0016 
0.0000 

-0,1672 
-0 .0036 
0.0000 

-1.4687 
83.1702 
429.~~78 
a.98.v 
31.1098 
15.68810 

240.5733 
239.3425 

0 .0214  

0.0000 
0 .0000  

61665.6998 0.0000 

20937.1617 
1638.1181 

inb3z~.~m7 p1s7227.~9 
21464393.25 20907129.79 
5201266.938 493937~677 
-640801709 207732.317 
323487.117 40075.254 
20184 9795 4617 2945 

1129.4406 258,9234 
-0.021 -0.124 

0.063 -20.878 
8 , 0 0 2  -46.921 
0.0000 103632.428 
0.0000 1909882.063 
0.0000 1911741~090 
0.0000 -0.0098 

0.0000 0.0000 -0.1673 -0.0016 
-1.4864 -0.2970 
83.1746 0.1935 

-433 .3866  -435.4077 
0 .0000  2176.3505 
30.9402 -30.9630 
-0.6144 -0.0212 
4.9908 -498391.493 
0.0149 6923611.250 
0,0293 -87.057 

0.0000 

-5399:bbab a ~ : i s s o  

478.3899 26822.7422 

ai.t.111 ~3-163ws2.0 

-1.2789 
-1.9603 
8 33111 57.2110 

23777.0796 49.1873 

84342001000 
12.1511 

6518642,938 74.4838 

0.9760 
60.2510 
-0.2031 
-0.312% 
-0.010 
-0.016 
1 324 

0.3322 
-1.LB2a 
0.0000 
0.1673 
0.001b 
0.0000 
-0.0009 
0.0009 

186750.920 
728.733 
-0.0416 

19626.650 
63111.4917 
317,1178 
2.3195 
0.0000 

3741.3792 
-8.9781 
93.0223 

-1'16.9932 
-160.8576 
31.6920 

1 935.0000 97334.063 185b321154 554600.516 499044*.371 
2 21255.8981 19924.1396 21461b92.2S 2090109(1.00 12.4149 
3 4609610.188 1610752.766 530275b.688 716074.247 4614291.730 
4 53477.900 b339050.608 -112454.616 211896.727 74.4946 
9 200~08.01n ii7991.281 331168.188 41382.124 0.6640 
6 19297.2619 6227.46P6 20491.2681 4509.1739 61.3999 
7 -4776.485b - 1 7 5 2 . 8 0 2 4  -9730.6328 832,3360 -0.2091 
B 1331.5361 3 4 8 . 4 o e s  11~3.0638 263.8664 -0.3200 
9 183628.323 185628.547 -0.022 0.369 -0.010 
10 -632.991 -633.910 0.068 -11.789 -0.057 
11 -968.031 -968.004 0 .003  40.351 1.323 
12 -0.7584 -0.1785 0.0000 103624.896 0.7386 
13 -3.3917 -0.0039 0.0000 1876978.b25 -1.4939 
14 0.0000 -0.0000 3 .0000  1878896,963 0.0000 
15 -90.0181 -0.1665 0.0000 -0.0100 0.1701 
16 -4.84% -0.0099 0.0000 -0.1702 0.0039 
17 0.0000 0.0000 0.0000 -0.0039 0.0000 
11 -1.4784 -1~3837 -1.4069 - 0 . m ~  -o.ooo* 
19 82.8876 n.ooos 
20 429.9642 116497.949 
21 0 .0003  731.119 
22 66.5793 -0 .04  17 
23 15.0436 15.0316 -0.6210 -0.0223 19924.140 
24 0.0000 240.9733 6.5909 -465269.339 6417.063b 
25 63.9969 234.3887 0.0134 6325208.000 298-1321 

2.0355 
0.0600 0.0000 

26 
27 133.2821 
28 -0.OlBl O.0OeO 483.99bP 25037.3994 5363.8137 

0.0294 -76.634 0.0000 -0 .0248  

83.3356 13.3386 0.1957 
429.9133 -43117302 4 3 3 - 8 0 3 6  

0 .0000  2181,9366 
31.1390 30.9733 -30.3705 
3,7413 

29 -4.845b 0.@000 -1.3062 -8.Sb79 
30 0.0000 0 .0080  -2.0017 93.6289 

32 3 f 3 4 . 4 9 4 9 ;  21235.3967 31.6116 2438368b2.0 -160.0473 
31 1 53.3824 bo496.9819 (1.31202 58.4521 -1'76.8900 

33 826.1917 109s.ioi9 22039.6729 68.n767 31.9951) 

99179.696 
20227.7191 

184913.451 
214391b5.50 

1642089.813 
6330161.790 
119743.879 
6310.0896 

6628177.569 12.6827 

4711655.979 
14.524'1 
0.3559 
62.1059 
-0.219a 

552089.125 
20Q07058~50 

5405588.000 738837.820 
-141594.691 216093.297 
336910.223 42913,904 
to7n2.3406 460?1.99b4 

-i~loo;isoo .m6.1237 8 3 0 . 0 ~ 8  

340.0000 
21559.4031 
4706789.375 
29263.323 
207337.t11 
19375.9193 
-4910.1282 

8 1360.2780 352.6659 1199.0377 288.8889 -0.3271 
9 lS4909.783 184909.887 -0.023 0.796 -0.011 
10 -638.387 4 3 7 . 8 7 3  0.069 -1.973 -0.062 
11 -969.036 -969.880 0.003 119,967 1.319 
12 -1.5932 -0.1615 0.0000 103617.294 0.7408 
13 -3.3749 -0.0031 o.moo 1a4269a.000 -1.~037 
14 0.0000 -0.0000 0.0000 1844549.(172 0.0000 
19 -90.8306 -n . i%8 O.OOQ(1 -0.0095 0.1612 
lb -4.U980 -0,0019 0.0000 -0.1612 0.0091 
17 0.0000 0.0000 0.0000 -0.0091 0.0000 
18 -1.3189 -1.9031 -1.3219 -0.300% -0.000s 
19 n3.07~ 83.9000 83.9078 0 .  I996 0.0006 
20 430-0813 429,9313 -490.0153 - 4 3 3 . 0 7 2 3  1?46191.338 
ti 0.0004 e.qoa9 0.0000 214B,I3P1 733.543 
22 66.2691 31.1718 31.0080 -30.3977 -0.0417 

26 0.0000 240.5733 4.9908 -430778.281 6544.7012 
23 I i4.406e 14.3939 -0.6439 -0.0234 80227.720 

25 5 i . t . o ~  229.20b~ 0.0127 6926749.438 278.3828 
0.0000 -0.0386 0.0298 -bb,441 1.7789 

21) -0.01304 O.OOOQ 4 m . m . 4  23299.9063 8986.9043 
:$ 133.4631 0.0000 0.0000 

29 -4.8766 0.0000 -1.3347 -8.1690 
30 o.ooon 0.0000 -2.0444 94.2929 
11 1935.5247 39328.7100 0.21225 59.7059 -196.7940 
92 3534.0101 21539,7483 31.6121 2502543k4.0 -139.1359 
33 840.8907 1797.65LO 22318.6594 46.8599 31.5209 
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TABLE AP 3-2 (Sheet 15 of 17) 
PREDICTED S-IVB-204 STAGE POWERED FLIGHT TRAJECTORY 

545-0000 
2ll69.1169 

4805372.563 
4370.071 

215411.916 
19198.9911 
-S047.BZS9 
1389.7502 

184236.406 

-972.010 
-2.3631 
-3.4004 
0.0000 

-91.1131 
-4.9128 
0.0000 
-1.2973 
83,2035 
430.0471 
0.0004 
65.9539 

- 6 3 n . w  

I 560.0000 86631.060 
2 221139.9097 21108.66bl 
3 5109127.150 1711708.109 
4 -74569.351 6292173.710 
I 235947.197 126976.729 
6 20744.9946 6657.0244 
1 -5482.7333 -2002.6314 

9 183163.012 183163.041 
10 -643.131 -644.634 
11 -983.825 -983.813 
12 -4.3511 -0.1286 
13 -3.4541 -0.0020 
1 4  o.ooon 0.0000 
15 -93.522s -0.12aB 

-4.9907 -0.0034 
0.0000 0.0000 

18 -0.9974 -0.9393 

8 1482.8979 370.9805 

ll3166.1120 543372.461 
21650291.00 20906921.00 
5B30B55.118 834838.578 
-216150.074 2325640133 
360148.016 48303,529 
ZllbO.5886 4999.5352 
-6570.3002 801.6018 
1217.12% 290.6650 

-0.028 0.190 
0.069 3.412 
0.004 0.562 
0.0000 3035a1.695 
0.0000 1689153.017 
0 .0000  1691038~516 
0.0000 -0.0018 
0.0000 -0.1284 
0.0000 -0.0020 

0.0520 
63.llbS 
-0.2200 
-0,336a 

-0.011 
-0.Obb 

20918.31bl 
-0066.0089 
1171.4116 

-0.029 
0.066 

4699i9194 
826.6091 
214.0660 

0.815 
a 
9 

10 
11 
12 
13 

0.003 
0.0000 
0.0000 
0.0000 
0.0000 

... 
1.SlS 

0.7819 
-1.1126 
0.0000 
0.146b 
0.0041) 
0.0000 

i4 
15 

;$ 0.0000 
0.0000 

-1.2365 
83.6791 

-0.1464 
-0.0049 
-0.3023 
0.1989 

I8  
19 
20 
2 1  
22 
23 

-0.0001 
0.0005 19 03.1491 84.2096 (14;2123 0.2016 

20 430.0113 429.99T1 -425.8130 -430.2497 
21 0.0004 9.1737 0.0000 2100.3349 
22 64.9172 31.2990 31.1328 -30.6027 
23 12.44811 12.4306 -0.6955 -0.0210 

4.5906 -287793.531 24 010000 240.1733 
25 37.3184 208.8206 0.0136 6331757.688 
26 0 ~ 0 0 0 0  -0.0266 0.0305 -36.461 
27 134.11P3 0.0000 

-4ta.4098 -432.596~ 
0.0000 2135.0516 
31.0386 -30.5846 
-0.6639 -0.0245 
4.5907 -395710.639 

0.0298 

0.0000 495.964s 
0.0000 -1.3647 

0.0127 6 9 ~ 8 i 8 4 . i . w  

13.8364 
24 
25 $4 217.2612 

-57.688 
0.0000 

21490.3105 

-2.0894 
0.27179 61.2226 
S1.612b 2569067b8.0 

45.1112 

28 29 

31 30 

32 

-1.5137 
-4.91111 

28 
29 
30 
31 
32 
33 

0.0000 516.0140 16214.1250 
0.0000 -1.4621 

0.0000 0.0000 
2023.2102 88160.63ht l  
3533.3381 21850.5153 

1827.0712 

-2.2352 
0120572 
31.6130 

2351B.89211 

66.2841 
218410312,O 

40.2553 33 857.0996 

1 550,0000 90894.997 183704.621 541443,133 b828189.563 
2 22115.3122 20853.9619 21454429.25 20906988.?5 13.2301 
3 4905316e823 1?06030.112 5615316.813 785859.067 b910b21.680 
4 -21221.2b4 6311677.438 -202261.701 224315.133 74.3S&? 

5 24364?.13* 128863.8*9 366113,723 49770.196 -1.1236 
6 20148.0264 b679.9777 21259.7283 4791.1127 6i.i246 I -5189.2593 -1198.9326 -6230.0115 821.4235 -0,226) 
8 1419.9852 361.55B9 ll(16.2080 219.3848 -0.3451 
9 183'100.08P 183700.916 -0.026 0.569 -n.oii 

6 21054.0137 6748.662R 22141.2393 5103.9117 69.7208 
7 -5634.9681 -2056.3973 -6746.6972 798.6963 -0.2466 
8 1515.5421 375,89?1 1213.2557 296-2297 -0.3761 
9 183115.176 183115.203 -0.029 0.235 -0.013 

10 -639.266 -640.369 
..._ 
0.061 

_... -.--- 
6.916 -O.O?O LO -6il.616 -648.771 O.OS9 i.771 -0.oi9 

11 -974.9S3 -974.923 0 .003  70.621 i,%Z 
12 -3e0611 -0.1336 0.0000 103601.740 0.b101 
13 -3.4236 -0.0043 0.0000 1770783.130 -1.5201 
14 -0.0000 -0.0000 0.0000 1172662.234 o.oona 

11 -989.321 -989.317 0 .004  5.460 1.289 
12 -5.0053 -0.1334 0.0000 103117.434 0.8269 
13 -3.4613 -0.OOOP 0.0000 1644074.672 -1.5441 
14 0.0000 n.oono o.oooa i6~i59h3.734 0.0000 - - _. 

15 -92.2493 -0.1298 o.aoo0 -oooo80 0.lllC 15 -94.1162 -0,1320 0.0000 -0.0081 0.1331 
16 -4.9443 -0.0011 0.0000 -0.1334 0.oois 
17 0.0000 0 ,0000  0.0000 -0.0043 0.0000 
18 -1.2022 -1.1300 -1 .3478 -0.3041 -0.0001 
19 83.453P 83 .8504  13.8536 0.1997 0.OOOP 
20 430.0939 429.9690 -427.1380 -431.5318 185546.926 
21 0.0004 9.2334 0.0000 2122.6683 738.502 
22 65.6336 31.2363 31.0703 -30.5910 -0.OhlD 
23 13.3391 13.3290 -0.6804 -0.0257 20853.969 
24 0.0000 240.57B3 6.5907 -360213.669 b166.1741 

16 -5.0061 -0.0028 0.0000 -0,1331 0.0009 
17 o.ooon 0.0000 0.0000 -0.0009 0.0000 

19 84 .0511  14.39b0 84.3965 0.2030 0 .0004  
20 430.0650 430.0013 -41317849 -429.7560 114191.2611 
2 1  0.0005 9.7475 0.0000 2090.5483 146.212 
22 64.6408 31.3296 31.1633 -30.6078 -0.0419 
23 11.9923 11.9735 -0.6949 -0.0292 21847.751 
24 0.0000 240.J713 4.5906 -263008*914 1029.2806 

0.0137 6532408.063 174.1573 25 33.7155 205-3780 
0.0000 -0.0332 0.0307 -32.399 1.1389 

28 -4.1162 0.0000 523.6040 14460.01'76 3109.3631 
29 -5.0061 0.0000 -1.4980 -5.8430 
30 0.0000 0.0000 -2.2889 99.1506 
31 2444.4101 93469.3081 0.18194 8 2818 -116.142'1 
32 3531.7321 23165.0396 31.6131 286180&84.0 -151.8198 
33 950.7123 2225.0916 23899.9075 37.8553 30.5602 

18 -0.8170 -0,8361 -o.am -0.3095 -0.0006 

:67 134.3551 0.0000 0.0000 

25 
26 
LT 

47.9483 213.9433 
0.0000 -0.0203 

133.8224 

0.0130 
0.0301 

6529i95.625 
-69.917 
0.0000 

19721.L044 

62.7750 
263804690.0 

43.9910 

28 
29 
30 31 

32 

-2.2b95 
-4.9443 

0.0000 
0.8000 
0.0000 

3699210596 
22167,7258 
1905.2294 33 875.4011 

555 * 0000 
22108.9023 

5006I61.1B8 
-47528*527 
228612.879 
20443.1b09 
-1334.2303 

1k51.0145 
113360.154 
-641*661 
-979.039 
-3.7128 
-3.4419 
0.0000 

-92,6876 
-4.9104 
0.0000 
-1.1025 
83.6513 
430.0839 
0.0004 
65.3081 
12.8812 
0.0000 

42.6403 
O.OOO0 

134 0007 
-2.8874 
-4.9704 

22tS.1129 
3532.6213 

o.oooa 

n96.402~ 

88761r4b7 
21117.40EO 
1738647r891 
6102055.188 
125133,B69 
b567.9206 

'-1950.16b4 
366.2012 

113360.112 
-642 5SZ 
-978.999 
-0.1219 
-0.0029 
-0.0000 

183363.924 
21452281.00 
5722390.125 
-233830.643 

145329.211 
20906954.50 
010096.914 
228407.092 

4910539.163 
13.511~ 

5012302.938 
14.4143 
-0.343S 
6L.4639 
-0.2325 
-0 * 3549 

- O . O l ¶  
-0.014 
1.311 

008231 
-1.3211s 
0.0000 
0.12111 
0.0029 
0.0000 
-0.0000 
0.0000 

1852Sl.969 
'141.036 

' -0.0410 
Z1111.401 . 6850.2108 
213.0931 

1.2167 
0.0000 

31)99.3071 
-6.8219 
96.7052 

-1Tb. 30% 
-153.h21 

I 57o.ooon 

3 m0379.93n 
2 23527.2976 

4 -130925.18.1 
9 211103.916 
6 21371.0223 
7 -5791.2711 
8 3549.0976 
9 183152.770 
10 -651.601 
11 -995.224 
12 -5.6131 
13 -3.4bbg 
14 0.0000 
15 -94.15.51 :$ -5.0174 

0.0000 
16 -0.7113 
19 64.2955 
20 430.0310 
21 0.ooog 
22 6k.2988 
23 11.5113 
24  ' 0.0000 
25 28.3817 

0.0000 g? 13*.5911 
28 -4.8951 
29 -5.0174 
30 0.0000 
31 2172.0612 
32 3531.301% 
33 987.6688 

a2372.827 

1a39198.067 
22195.92Y8 

6271607.438 
130735.897 
6842.6092 

-2111.3752 

183152.801 
-652.815 
-995.226 
-0.1381 
-0.0003 
0.0000 
-0.1314 
-0.0020 
0.0000 
-0.7217 

430.0098 
9.9236 
31.3591 

380.9531 

14.5n 16 

183156.6'10 
21446848.50 
6052278.438 
-333121.656 
372981.219 
22449.4617 
-6927.7266 
1249.W36 

-0.030 
0.070 
0.004 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
-0.7434 

-42s -90 13 
0.0000 
81.1932 

11.4917 -0.6903 
240.5733 4.5903 
200.1001 
-0.0432 

56.5n38 

20906855.25 139995,766 

885881.797 240440.964 53279ll;lZ5 14.1022 

-1.4081 
71.5376 
-0.2543 
-0.3881 
-0.013 
-0.081 
1.265 

0.8263 
-1.5530 
0.0000 
0.1370 
0.0003 
0.0000 

-0.0004 
0.0003 

184630.400 
148.856 
-0.0419 

2219'1.92b 
'llI0.4254 
149-5911 

1.0821 
0.0000 

2734.6099 
-5.3011 
100-7096 

-116.0011 
-149.2528 

30.0890 

5247319~563 
14.3796 

354601.828 
21346.9417 
-6398.1713 

46865.308 
4891.5251 
815.1594 
284.8508 

11266.067 
5210.1304 
788.3106 
302.1413 

0.213 
4.656 

-1,465 
103S69.060 

35972171000 
is99in9.703 

-0.0083 
-0.1378 
-0.0003 
-0.31 13 

0.2042 

6 

8 
10 9 

11 
12 
13 
14 
19 
16 
17 
18 
19 
20 
21 
22 
23 
21) 
24 :r 
28 
29 
31 30 

32 33 

1201 ;i4;2 
-0.027 0.433 

6.474 
65.693 

103S93.762 
0.0000 1130926.969 

0.0000 -0.0017 
0.0000 -0.1292 
0.0000 -0.0029 

-0.3059 

O.OOOO ii32eo0.92~ 

0.068 
0.004 

0.0000 

-0.1266 
-0 .  OOb3 

0.0000 . ... 
-1.0549 
84.0314 

-426.3338 
0.0000 

51.1018 
-0.6911 

6.5906 

0.2008 
-430.8554 
2111.0704 
-30.S911 

12.8709 
240.57J3 
,213.qoo1 

-0 a Ol*8 
.Om0133 
0.0304 

0.01311 
0.0301 

0.0000 
12703.6445 

70.4137 
294241172.0 

36.9065 

0.0000 
0.0000 

909.0825 
-1.4284 

0.0000 
0.0000 
0.0000 

32284.3845 
23914.b7bB 

31.1202 2380.7574 

16 December 1967 
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TABLE AP 3-2 (Sheet 16 of 17) 
PREDICTED S-IVB-204 STAGE POWERED FLIGHT TRAJECTORY 

1 575.0000 80243.586 183031.101 5 3 8 6 0 3 ~ 6 0 9  5396396.008 1 585.0000 76002.230 181155.500 336311.672 5519793.250 
2 23884.7930 22553.4465 21445427.24 20906023.25 14.6783 2 24626.5850 23295.2664 21443270.25 20906'161.50 15.2905 
3 5428043.500 1813650.688 6165911.813 912208.828 5436379.125 3 5648346.813 1944030.328 6396211.681 966538.790 5659311.000 
4 -160282.010 6260908.438 -368826.181 244361.2b8 74.7311 4 -221461.398 6238640.625 -541183.164 251983.922 14.7886 

Zf11935.098 132653.580 379272.820 32191.915 -1.6895 5 275124.875 136568.518 392111.074 55936.477 -2.2427 
21696.1787 6938.9705 22765.6072 9320.4445 73.3153 6 22369.8123 7138.3231 23420.3125 5547.2201 76.8562 
-5951.9889 -2168.2778 -7113.7584 776.3346 -0.2631 7 -6286.6441 -2286.2472 -7500.7964 747.6014 -0.2650 

1503.5463 386.1500 1266.8938 308.2194 -0.4010 8 1654.9717 396.9206 1302.2305 320.7825 -0.4208 
113027.15R 1 ~ 3 0 2 7 . 1 ~ 1  -0.032 0 .463  -0.013 9 181551.654 181551.6n9 -0.034 -5 .037 -0 .014 

-65h.297 -657.510 0.070 3.559 -0.081 I0 -627.291 -628.111 0.071 340.292 -o.ono 
1.151 -1000.108 *1000.195 0.004 40.220 0.8)bl  1.220 11 -994.085 -994.148 0.004 -1158.157 

-6.3741 -0.1365 0.0000 103$60.472 12 -7.5313 -0.0891 0.0000 103542.180 0.8112 
0.0000 1434145.359 -1.3437 

0.0000 0.0000 1436049.422 
-3.4644 0.0003 0.0000 1345914.781 -1 .Sb l l  13 -3.450b 

-95.5356 -0.1391 0.0000 -0.0083 0.1363 15 -96.1249 -0.2799 0.0000 -0.0091 0.0849 
-5.02Sb -0.0014 0.0000 -0.1363 -0.0003 16 -4.9943 0.05Z6 0.0000 -0.0849 -0.0066 

0.0000 0.0000 O.OOO0 0.0003 0.0000 17 0.0000 o.nooo 0.0000 0.0066 0.0000 
-0.6507 -0.6164 -0.629b -0,3131 -0.0004 18 -0.3942 -0.3729 4 . 3 8 6 9  -0.3137 0.0079 
84.4630 84.7725 06.7743 o . to5n  0.0001 19 84.887@ 85.1661 83.1652 0.1982 -0.0354 
430.0127 430.0109 -4zs.6320 -429.0436 ia4493.387 20 429.9756 430.0077 -422.2372 -428.2816 184166.906 

0.0000 2062.6938 752,316 0.00OJ 10.1020 o.oooo ~ 0 7 * . i a z o  750.510 21 0.0006 10.4632 
63.9511 31.3891 31.2226 -30.6164 -0.0620 22 63.2379 31.4461 31.2194 -30.6224 -0.0*20 

o.oooo 24n.5733 4.5903 -106466.984 7254.6035 24 o.ooon 240.5733 4.9900 -107181.516 7491.777'1 
22.9912 194.67b6 0.01311 6534029.813 124.0106 29 12.2325 183.6916 0.0144 6535094.438 70.2282 
0.0000 -0 .0500 0 .0310  -21.012 1.0387 26 13.9829 -0.0322 0.0312 -10.492 0.9643 

0.0000 558.1677 7456.8281 1613.9946 
-3.3423 

0.0000 0.0000 -2 .4039 102.6909 30 o.ooon 0.0000 -2.5312 108.8923 
2711.1287 31092.4302 0.13133 72.8887 -17 .a296 
3530.8833 23873.1937 31.6133 302672412.0 .141.8610 31 32 3028'7165 3530.0901 28694*6899 24619.2236 3i.6134 07644 320599i16.0 78 5074 -175'3181 -133.6409 
1035.8582 2582.4513 24579.3596 31.1330 29.3711 33 1206.7129 3288.0086 25293.6610 18.4354 25.9809 

0.0066 
O.OO0O -0.OO0O 0.0000 1947801.219 0.0000 14 0.0000 0.0004 

11.0178 10.9977 -0,6830 -0.0316 22353.441 23 10.2452 1n.2293 -0.6524 -0.0342 23291.26'J 

134.7063 o.oono 0.0000 27 135.0554 0.0000 0.0000 
-5.5356 0.0000 5119.8561 10951.0313 2360.0327 28 -6 .7249 
-1.0256 0.0000 -1.S748 -6.7270 29 -4.9943 0.0000 -1.6599 

5 
6 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
I 8  
19 
20 
21 
22 
23 
24 
25 

28 
29 
30 
31 32 

33 

:4 

I 
2 
3 
4 
5 
6 

8 
9 

10 
11 
12 
13 
14 
15 

:s 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 * 

10 
11 
12 
13 
14 
15 
16 
17 
111 

21 
22 
23  
2s 
25 
26 
27 
28 
29 
30 31 

32 

20 19 

510.0000 
24251.3871 

5537353.250 
-190453.201 

266940.695 
220291246* 
-6117.2437 

7111(1.452 
22920.0501 

1908591.109 
6249922.063 

134597.51)2 
7037.6505 

-2226.1421 
391.4774 

182416.920 
-662.114 

-1002.169 
-0.1225 

0.0009 
-0.0001 
-0.1139 
-0 .0004 

0.0000 
-0.49b5 
84.9667 

430.0099 
10.2820 
31.4180 
10.5378 

240.9733 
189.1467 

-0.0467 

182120.877 
ZlW4229.23 
6279945.500 
-404070.711 

385650,766 
23039.3596 
-7304.9139 

1284.3723 
-0.033 

0.070 
0.001 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
O.OOO0 

-0 .511 I 

-424.7368 
0.0000 

31.2513 
-0.6725 

4.5902 
0.0142 
0.0312 

548.6614 
-1.6159 

a4 .968 I 

537439.078 
20906792.00 

93909@.328 
248209.545 

54348.488 
5432.6082 

762.7278 

5467181.063 
14.9819 

54*7054.063 
14.7599 

I 590.0000 
2 25010.5349 
3 5761062.563 
4 -253326.008 
5 213490.574 
6 22718.3169 
7 -6459.37*3 
8 1691.1304 
9 180826.553 

10 -765.147 
11 -1015 877 

1 3  -3.1811 
14 0.0000 
15 -96.8823 
16 -4.7399 
17 O.OOO0 
18 -0 .2569 

20 429.9517 :: b$:%? 

12 -7 . i835  

19 8 5 . 1 0 1 ~  

23 10.0786 
2 4  o.ooon 

73891.498 
23679121?5 

1979979,625 
6227057.375 

138566.619 
1241.7318 

-2347.1487 
402.2413 

180826.590 
-766.618 

-1016.302 
-0.1597 

180831.074 
21442513.00 
6514159.313 
-479885.898 

535843.242 
20906731.75 

994566.547 

57556.187 
1664.4185 

731.2155 
327.0207 
21.614 

-455.985 
4150.615 

1033331674 
1373382.266 

-0.0089 
-0.1594 

0.0474 
-0.3220 

0.2429 
-421.7918 
2059.0265 
-30.6244 

-0 .0354 
-68220.648 

6535394.623 

0.0000 
5722.0898 

z m n 3 . ~ 9 9  

i 3 7 5 ~ 9 0 . 2 3 4  

-5,988 

5694255.b88 
15.6042 

5773593.438 
74.8171 
-2.5148 
78.7316 
-0.3331 

-1.9676 

1::::;: 
314-6361 -0.4128 

1.067 -0.01P 
8 . 8 8 3  -0.081 

152.795 1.186 
103551.752 0 .8673  

1492397.063 -1.5668 
1494297.266 0.0v00 

-0 .0074 0.1222 
-0.1222 -0.0009 

0.0009 0.0000 
-0.3148 -0.0003 

0.2000 0.0011 
-428.7085 184348.091 
2067.7819 751.410 

-30.6197 -0.0420 
-0.0329 22920.059 

-147065.117 7371.7050 
6 5 3 4 6 ~ 7 . 2 5 0  97,449a 

398672.516 
23718.9163 
-77no.6041 

1618.85110 
182416.887 

-660.993 
-1002.157 

-7.0303 

13i6;6067 
-0.035 

0.003 
0 .073  

o.ooon 

-0.4423 
-0 .015 
-0 ,049  

1.126 
0.9987 

-1.5586 
0 .0000 
0 .1594  

-0.047b 
0.0000 

-0.0010 
n.0287 

- 3 . 4 6 1 8  
0.0000 

-96.1606 
-5.0306 

0.0000 
-0,5253 
84.6731 

0.04?4 
-0.0018 

0.0239 
0,0315 
0.0000 

-0 .2413 
85.3631 

4 3 0 * @ 0 4 6  
10 6432 
31:4736 
10.0719 

24015733 
176.908 6 

-0 .0245 

0.0000 
0.0000 

o.ooon 
0.0000 
0.00OO 
0.0000 
0.0000 

-0 .2548 
15.3638 

-420.5742 
0.0000 

91.3068 
-0.3751 

4.5898 
0.0170 
0.0310 

429;9804 
0.0005 

63.5971 
10.5583 
0.0000 

17.5949 
o.ooo0 

134.3812 
-6.lbOb 
-5.0306 

183952;488 
753 226 

23679.218 
7608.6777 

-0.642 1 

25 7.5146 63.3549 
0.743b 
0.0000 

-15.656 
0.0000 

9199.9590 

75.5558 
311459044.0 

26.0221 

1.0011 
0.0000 

-4.0835 
105.2543 

-175 6091 
-141:0865 

28.1899 

1986.0186 

26 8,8246 
27 135.2289 

29 -4.7399 
2a -6.882~ n.0000 

O.OOO0 
568.0516 

-3.7053 
-2.5992 
0 04735 
3 i .6137  

1241.0313 
-2.4183 

0.0@00 
2862 8805 
3530:4807 
1102.9128 

0.0000 
29895.1104 
2 4 2 4 2 . : 2 9 2  

2860.9453 

-2.4654 
0 10442 

24932.6357 
ni.6133 

30 0.000') 

32 3529:7nSo 
31 3210 5301  

21491 0.0000 1948 

25005:2971 
5092.9796 

114.5403 
-174.8641 
-119.4121 

81.7873 
330106856.0 

5.0011 33 1404,5661 25660.b956 20.7096 

CHI TILDE C Y )  INITIATIDN 
584.3900 76259.890 181658.980 936611.180 55b3956.750 

24580.3542 23249.0334 21443373.50 2 0 9 0 6 7 6 5 ~ 2 5  15.2526 
5634714.125 1939679.672 6381941.879 963159.266 5645474.000 
-217632.904 6240033.000 -437319.043 211529.301 74.7851 
274116.660 136326.604 391323.395 55741.038 -2.2093 
22327.8550 1126.0915 23319.3430 5533.1061 'lb.6399 
4 2 6 1 . 7 9 6 6  -2278.8981 -7476.6857 149.5212 -0.2807 

1 595.0000 

3 $875543.375 
4 -286058.441 

z z w m . 7 7 9 a  

5 2 9 2 m b . 8 3 2  

71795.382 180981.066 535468.258 S8lOblb.569 
24072.4626 21442169.2l  20906702.75 15.9231 

20164s1.609 6633817.813 1023187.617 5889747.250 
(1215167.875 -518893.414 239296.512 74.8659 

14059n.320 405311.941 59206.122 -2.7839 ~ ~ . .. 
b i 3 6 i b . 0 2 3 4  7341.674b 2410b;4966 5764.6063 80.8332 
7 -6633.1070 -2408.5774 -7902.1412 714.2150 -0.2871 
d 1726.6857 401.2430 1336.1029 332,9460 - 0 . 4 5 0 1  

-0.037 -4 .412  -0.017 
16SO.5298 

181654.559 
396.2509 

181654.994 
1300.0334 

-0*034 
0.071 
0 .004  

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
-0.4029 
Ll5.1410 

-422.5751 
0.0000 

31.2760 
-0.6563 

4.5900 
0.0144 
0.0312 

320.0019 
1.839 

26.878 
292.741 

103543.892 
1441558.469 
1443462.047 

-0.0048 
-0 .0796 

0.0036 
4 . 3  16 1 

0.2101 

2063.2397 
-30.6221 

-0.0340 
-107181.516 
6535094.438 

-10.492 
0.0000 

556.9619 7669.0117 

-428.3438 

-1 .6543 

. . .  
-0.4228 
-0.016 

- 6 3 9 . k  6 .079  94.154 -0 .o io  
-1004.297 0.002 -003.365 1 .162  

0.1330 0.0000 103524.276 1.1573 
.. -0.OlY9 0.0000 13011901891 -1.5841 
14 O.OOO@ 0.0002 O.QO00 1309102.891 0.0000 

-665.223 
-1002.209 

-7.4900 

-665.988 
-1002.2 49 

-0.0797 

-0 .080 
1.lSb 

0.9332 
-3.4333 0.0036 

-0.0001 
-0.2799 

0.0526 

-0.4106 -0.3084 
84.0600 85.1399 

o;oooo 0.0000 

429.9770 43n.ooeo 

-1.9730 
0.0000 
0.0796 

-0.003b 
0.0000 

0.0000 
-96.5542 

-5 .n264 
15 -96.4089 0.0004 0.0000 0.0012 -0.1328 
16 -4,6916 0.0304 0.0000 0.1328 0.0129 
17 0.0000 0.0000 0.0000 -0 .0129 0.0000 
18 - 0 . 1 0 ~ 3  -0.0960 -0.1089 -0.3190 0.0108 
19 05.3162 85.9bZl 85.5624 0.2031 -0.0252 
20 429.9226 4 3 0 . 0 o w ~  -419.5574 -427.2737 in3727.191 
21 0.0006 10.8274 0.0000 209R.9692 754.137 
22 62,SOOO 31.5003 31.3334 -30.6294 -0.0521 
23 10.5724 10.5686 -0.2909 -0.0365 21072.46b 
24 ' 0.0000 240.5733 4.3898 -29530.641 7728.2943 
25 2.5516 171.1377 0.0199 6435549.125 17.6530 
26 3.8309 0.0023 0.0317 -3.990 0.0143 
27 135.4019 0.0000 0.0000 
28 -6.4089 0.0000 571.7539 3993.1191 869.9300 
29 -4.6916 0.0000 -1.7511 -0.8753 
30 0.0000 0.0000 -2.6722 121.013b 

32 3529.3036 23401.0747 31.6144 340007080.0 -64.3725 
'43 2174.023b 7183.2848 26016.0425 -39.7289 -6.3458 

31 3410.8341 26283.33ai 0 .01707 as.4527 -173.7059 

-0.0006 
-0 .001s 

184191.27'1 
712 206 

P324V. 036 
'1491.7777 

-0.6r20 
-0.oooi 
63.2821 
10.2701 
0.0000 

io.iiii 
31.4427 
10.2499 

240.9733 
12.2321 
13.9825 

135.0362 
-6.5942 
-5.0264 

113.6916 
-0.0322 

0.0000 
0.0000 

7O.22n2 
0 96k3 

1658.4458 
-3.4400 

0:oaoo 
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TABLE AP 3-2 (Sheet 17 of 17) 
PREDICTED S-IVB-204 STAGE POWERED FLIGHT TRAJECTORY 

s-IVB 
10450.231 

2040130-315 
6201319~150 
141901.1b4 
1417.3130 

-2441.b704 
410.4811 

100227.066 
-665.8ai 

-1016.201 
-0.001n 
0.0517 
-0.0000 

0.0004 
0.0315 
0.0000 
0.0011. 
01.6912 

429.9911 
10.9440 
31.5110 
IO rn 11 b6 

250.3133 
167 .41bO 

26329.7bai 

0.0145 

0.0000 
0.0000 
0.0000 

11661 2366 
tssos:azs6 

WINE CUTCFF 

100231.162 
21142000.25 

4 4 4 4 4 1 . 0 9 4  
409614.166 
26334.9692 
-0030.3992 
13b6.7202 

-0.031 
0.003 
0.001 
0.0000 
0.0000 
0.0000 
0.0001) 
0.0000 o.ooon 

-0.0034 
85.691 2 

-419.1925 
0.0000 
S1.3101 
-0.1051 
4.1190 
0.0199 
0.0317 

67iis03.93a 

58I628lm56¶ 
16.13OL 

5911304.311 
16.8631 
-2 .9 549 
82.3001 
-0.3010 
-0.6639 
-0.019 
-0.020 
1.161 

1.0489 
-1.1601 
0.0000 
0.0011 

-0.OSlT 
0.0000 
-0.0028 
0.0001 

163181.123 
71b.720 
-0.042 1 

24329.169 
? ~ 1 9 . 0 ! I ~ b  
-0.1938 
-0,6216 

0 .0000  
632.1479 

1 
2 
3 
4 
1 
6 
1 
8 
9 

10 
11 
I2 
13 
14 
15 
16 
17 
10 
I P  
20 
21 
22 
23 
24  
25 
26 
27 
28 
29 

31 
32 
33 

30 

605.0000 
25681.8145 

10246.948 
2b310.4636 
2040130.315 
6201379.750 
34190117b4 
-2447:6704 1417 3130 

410.6011 
0.000 
0.000 
0.000 

0.0000 
0.0000 
o.oono 
0.0000 
0.0000 
o.oono 
0.0192 
01.9151 

135460.971 
20906651.50 
1061061.8S2 
261570.365 

5863 5241 
103:5189 
336.1976 
-0,331 

0;006 0.001 -266.186 131 296 

0.0000 103497:350 
0.0000 1192194.100 
0.0000 1194113.169 

6ozao.260 

60b7505.5bZ 
16,512S 

6126302.188 
74.9010 
-3.3120 
-0.0000 
0.0000 
0.0000 
-0,019 
-0.028 
1.161 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.000 

11b.763 
-0.0421 

24350.46b 
78 I9 9 01 1 b 
-0.1938 
-0.6256 
0.0000 

632.1419 

1 198.2075 
2 25661.0906 
3 5949934.6111 

-307510.840 
291610.297 
23311e0269 
-6743r2800 
1119.6019 

535405.791 
20906604.50 
1041161~052 
261510.36S 

60280.260 
1863.52b7 
703.ST09 
336.791b 
-0.331 

5 
6 

8 
9 

10 

13 
1 4  
I5 
I6 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
2-3 
29 
30 
31 
32 
33 

12 11 

1 
2 
3 
4 
1 
6 
7 
8 
9 
10 
11 
12 
13 
I4 
15 16 

17 I 8  

2 1  22 

19 
20 

23 
24 21 

26 
27 
21 
29 
30 
31 
32 
33 

410111.891 

1761.3803 
-0.037 

0.C 

-1.41 
-3.OC 

0.oc 
-07.L! 

1 . c  

... .. 
-96.5075 
-4 1684 
0:oooo 
0.0096 
15.4150 

429.9307 
0 0006 
62:2579 
10.78111 
0.0000 

0.0000 
0.0000 
0.0000 
0.0074 os. *75 I 
0.0000 
0.0000 

31.3840 
-0.1738 
4.5098 
0.0199 
0.0311 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

2016 9292 
-30:6251 
-0.0312 
-493.539 

6531181r500 
-5 006 

2865.0203 
0.6000 

. 
-3.0066 -0 0048 

-0.3231 
0.2117 

-426.9493 
2056 6265 
-30:6216 
-0.0312 
-493.139 

6135101~500 
-1 086 
o.boon 

0:0517 

0.0006 
61.7410 
11 ~2421 
0.0000 

-1.1723 
0 0615 

135:1126 
-6 ,4075  
-4.56Ob 
0.0000 

3528 9011 
3550:1143 

167.4160 
0.0145 

0.0000 
0.0000 

.....- 
515.P021 288S.8203 
-1.1065 
-2.1207 
0 00305 88.0319 
3i.6149 346511380.0 

0.0000 
3520.9065 
3162.0187 

0.0000 ::::::m 2.6460 -3.4091 

INSERTIW 
250.000 

21442111.00 
695S762.063 
-626637.031 
423126.134 

-8325.0577 
1341 .Slob 

-0.031 . 0.0117 
0.001 

0.0000 
0.0000 
0.0005 
0 .oooo 
0.0000 
0.0000 
0.0087 

06.1114 
-4.8000 
0.0000 
31.3994 
-0.1652 
k.SO99 
0.0199 
0.0317 

597.1761 
-1.0371 
-2.7962 
0 a 00476 
31  -6148 

242~9.0767 

600.2057 
25682.1520 

b104059.813 
-316b46.711 
' 313293.613 
232S3.1271 
-7010.6404 
1766.1805 
249.963 

0.081 
0.001 

-7.1756 
-3.0019 
0.0000 

-97.5716 
-3 .OO 19 
0.0000 
0.0212 

85.1905 
429.9387 

0.0006 
61.5941 
11.3476 
0.0000 
-1.1737 

0.0657 
l35.l)528 
-7.171b 
-3.0019 
0.0000 

3120.9060 
3562.6344 

535438.734 
209C6635.15 
1042276.578 
261533.160 
60302.134 
5863.6155 
703.4510 
335.7961 

600.0000 5920024.075 
lb.2b70 

b007193.000 
74.8131 
-3.0499 
-0.0000 oioooo 
0.0000 
-00019 

1.167 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.001 

114.766 
-0.0421 

2b310.521 
1819.#516 

-0.1938 
-0.621b 
0.0000 

632.1479 

-n.028 

1 
2 
3 
4 
5 * 
1 
I 
9 

10 
11 
iZ 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
2s 
2b 
27 
21 
29 
30 
31 
32 
33 . -  

70202.433 
24351.4683 
2040492.734 
6207259.875 
141921.042 
7117.1665 

-2448.1120 
410.4101 

210.000 
0.000 
0.000 

0.0003 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0201 

16.111S 
0.0000 
10.9526 
31.S661 
11.3464 

240.5732 
161.4157 
0.0149 

0.0000 
0.0000 
0.0000 

21602.9833 
23439.8479 

70246.948 
26350.1205 
2040130.315 
6201319.150 

143901.7b4 
1417.3130 

-2441.6104 
410.6011 

0.000 
0.000 
0.000 

0.0000 
0.0000 
0.0000 
0.oow 
0.0000 
0.0000 
0.0183 

0.000 135419.110 
21442091.71 20906674.50 
611SL42.108 1041061~052 
-558890.641 261570.3bS 
412029.305 60280.260 
24336.1034 5863.5241 
-801S.2641 103,1709 
13b6.7001 336.7976 

-0,031 -0.331 
0.004 -266.786 
0.001 131.29h 
0.0000 103114.121 
0.0000 1236016.609 
0.0000 1239992.703 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0010 
0.0019 0.0000 
81.7660 0.0000 
0.0000 0.0000 
0.0000 2016.1031 
31.3593 -30.6256 
-0-1-316 -0.0312 
b.5898 -493.539 
0.0199 6135581.500 
0.0317 -1,086 

0.0000 
509.11969 2881.8203 
-1.8056 
-2.7411 
0.00461 88 .2534  
31.6149 347107420.0 

-3.0066 
0.0000 
0.0~93 
85.5341 

429.93ai 
0.0006 

62.1218 
10.9011 
0.0000 
-1.1123 
0.0671 

13S.5143 
-1.4JW 
-3.0066 
0.0000 

3528.9090 
3562.0569 

_._... 
2057.0015 
-30.6254 
-0.0372 
-419.028 

6531581.125 
-5 -090 
0.0000 

2006m4414 

. . .  
0.0145 

-0.b261 
0.0000 

632.2813 
0.0000 
n.oooo 
n.oooo 

25681 9411 
21442:9500 

2.2401 

aa.2642 
347133932.0 

2.7292 
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TABLE AP 3-3 (Sheet 1 of 3) 
PREDICTED S-IVB-204 STAGE ORBITAL TRAJECTORY 

CONSTANT VALUE FOR THE ENTIRE ANALYSIS 

.321740 02 

.590500 02 

.328100 02 

.374667 04 

RANGE 1 
RANGE ANGLE 2 

D+ 58 1 3 
A* 58 1 4 .  

1 T I M E  WEIGHT 

3 x SB E x SB P in) 
4 v S B  E Y sa P (n) 
5 z SB E z SB P in) 
7 0-v  SB E 0-Y SB P in) 

2 V S B I  V S8 E 

6 0-X 58 E 0-X 50 P (HI 

8 0-Z 58 E D-2 S8 P IM) 
9 F 58 X F S6 TX 

10 F 58 Y F 58 TY 
11 F SEI Z F S8 T Z  
12 THETA(Y) QRP OTHETA(M)QRP 
13 P S I ( M )  PRP D-PSI(M1PRP 
14 P H I ( M )  QRP O-PHI(HlQRP 
15 C H I  58 P 0-CHI 58 P 
16 C H I  58 V D-CHI 58 V 
17 C H I  S8 R D-CHI 58  R 
18 GAMMA 50 1 GAMMA 58 11 
19 GAMRA 58 2 GAMMA 58 21 

I 58 SP AVG 1 58 SP 
a MACH NO. 
M U  RHO 

ALPHA* ALPHA 
1 1 1 )  TAU(1G) 
r ( 3 1  TAU(3G) 

D-TICO) OELTA-T(3)  
S A F ( l 1  

ThETA S8 C 0-THETA S8 C 
P S I  28 c 0-PSI  S 8  c 

F 58 T 
R 58 C 
x 58  5 
v S8 5 
z 5 8  5 

0-x 58 s 
0-V 58  5 
0-2 58 S 
F 58 AX 
F 58  AV 
F 58 AZ 

F AUX 58 X 
F AUX 58 V 
F AUX S8 Z 
THETA(P) 

THETA(Y 1 
THETA(R) 

GAMMb(1I)PR. 
GAMMA(2I)PR. 
WEIGHT FLOW 

PRESSURE 
RHO PRIME 

BETA 
P H I ( T 1  

SMCP 
SMCV 

X 50 CG 
Y S 8  CG 

ALTITUDE 
R 58  L 

X I  
ETA 
ZETA 
0 - X I  
D-ETA 

0-ZETA 
M 58 x 
n SB Y 
n SB z 

I 58 x x  
I 58 YV 
I S8 L Z  

P 58 M 

R 5 8  M 
DELTA ( A )  
DELTA ( 8 )  

a SB n 

A V G  0-n 
TEMPERATURE 

G(RH0) 
CHORD FORCE 

X ( V )  
V ( V )  
Z ( V )  
v SB w 

W(L0X)RES 

688.2057 
25685.0623 

8016204.438 
-1020976.844 
461097.754 
22516.8689 
-9086.3289 
1876.4459 

-0.037 
0.127 
0.000 

-7.5756 
-3.0019 
0.0000 

-91.5756 
-3.0019 
0.0000 
0.0394 

89.4567 
429.9387 

START PITCH WM!NER 
68951.372 

24353.4761 
2040492.734 
6207259.875 
141921 -842 
7417.1665 

-2448.1120 
4 10.4701 

0.000 
0.000 

8023996.063 
21.9886 

8094105.000 
75.2921 
-7.2465 
-0.0000 

0.0001 
0.0000 
-0.018 
-0.028 
1.154 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.000 

754.691 
-0.0423 

24353.477 
78  19.8941 

-0.2066 
-0.6261 
0.0000 

632.2813 

0.000 
21442924.00 
8862041.000 

-1384282.609 
528241.269 
23359.8770 

-10601.3857 
1284.2665 

-0.037 
0.127 

0.000 0.000 
0.0000 0.0000 
0.0000 0.0000 
0 .0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0374 0.0359 0.0000 

89.4849 89.4848 0.0000 
0.0000 -0.0000 0.0000 
10.9383 0.0000 2062.8043 
31.7783 31.6106 -30.6227 
16.8103 -0.0372 -0.0368 

240.5732 4.5899 -479.828 
167.4157 0.0199 6535581.125 
0.0149 0.0317 -5.090 

0.0000 
0.0000 580.8114 2806.4414 
0.0000 -1.8545 

EO 58 1 5 
A 58 XM 6 
A 50 YM 7 
A 58 ZM 8 
H 58  AX 9 
M S8 AV 10 
H 58 AZ 11 

EPS(THETA) 12 
E P S ( P S 1 )  13 
EPS(PH1) 14 

0-EPS(THETA1 15 
0 - E P S I P S I )  16 
0-EPS(PHI1 17 

D-OELTA(A) 18 
o-OELTA(8)  19 

AVG F 50 L 20 
x 58 CP 21 
G ( P S 1 )  22 
V 58 RH 23 

D-X(V) 24 
D - Y I V )  25 
D - Z ( V )  26 

E 58  H 27 
W(LH2)RES 28 

GAMMA 58 1 F  29 

-0.319 
-266.774 
133.445 

102506.800 
1122946.766 
1124859.156 

0.0000 

20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
1 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
24 
26 
21 
28 
29 
30 
31 
32 
33 

-3.0019 
P H I  Z i  1 i - P H I  i s  1 z SB C G  GAMMA 58 2F 30 

R(PER) V(PER) ECCENTRICITY PERIOD BETA 31 
R ( A P )  V ( A P )  I N C L I N A T I O N  E l M  B E T A ( F )  32 

T S8 F 5 S8 F V ( F I  MU 50 F RHO 58 F 33 
INSERT I ON 

0.0000 0.0000 -2.9664 
3528.9112 25686.1348 0.00500 88.2972 7.4456 
3564.4018 25430.3787 31.6144 347215544.0 

250.000 
21442117.00 
6955762.063 
-626637.031 
423126.734 
14259.0767 

535488.734 
20906630.75 
1042278.578 
261533.160 
60302.134 
5863.6 1 54 

6124868.563 
16.7843 

6203536.688 
74.9187 
-3.4809 
0.1146 

1 
2 
3 
4 -  
5 
6 

716.5051 
25684.4446 

8649144.375 

51+7@6.109 
22210.3408 

1911.8329 
-0.037 
-0.002 
-0.000 

-26.5599 
-2.8389 
0.9752 

-116.5599 
-2.8389 
0.9762 
0.0452 

90.7204 
429.9387 

0 -0006 
53.2300 
0.2164 
0.0000 

-1.1737 
0.0657 

138.8498 
-26.5599 
-2.8389 
0.9762 

3528.9141 
3564.3941 

.128a288.563 

-9803.3636 

68920.129 

5040492.734 
6207259.875 
141921.842 
7417.1665 

-2448.1120 
410.4701 

0.000 
0.000 
0.000 

-0.6684 
0.0114 
0.0331 
0.0000 
0.0000 
0.0000 
0.0429 

90.6830 
0.0000 

10.9306 
31.7754 
-0.21 64 

240.5732 
167.4157 
0.0149 

0.0000 
0.0000 
0.0000 

25686.1052 
25430.4255 

24352.8289 
0.000 

21443440.00 
9517937.125 

-1695408.906 
564261.695 
22989.0923 

-11384.2887 
1261.1214 

-0.037 
-0.002 
-0.000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0449 

90.6829 
-0.8000 
0.0000 
31.6078 
0.0092 
4.5899 
0.0199 
0.0317 

588.8861 
-1.8551 
-2.9613 
0.00500 
31.6144 

537039.586 
20906403.00 
1042278.578 
261533.160 
60302.134 
5863.6154 
703.4510 
336.7961 -0.319 

-266.774 
133.445 

102506.320 
1122658.406 
1124570.406 

0.0000 
-0.6677 
0.0000 
0.0000 
0.0000 
0.0000 

2065.5901 
-30.6212 
-0.0366 

-479.828 
6535581.125 

-5.090 
0.0000 

2886.4414 

8695784.250 
23.8296 

8759697.875 
15.4056 
-0.4572 
-0.0000 
-0.0000 
-0.0000 
-0.018 
-0.028 
1.154 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.000 

754.653 
-0.0423 

24352.830 
7819.8941 

-0.2066 
-0.6267 
0.0000 

632.2813 

1766.1805 410.4701 
249.963 250.000 

0.087 0.000 
0.001 0.000 

-7.5756 0.0000 
-3.0019 0.0000 
0.0000 0.0000 

-97.5156 0.0000 
-3.0019 0.0000 
0.0000 0.0000 
0.0212 0.0201 

85.8985 86.1115 
429.9387 0.0000 

0.0006 10.9526 
61.4941 31.5665 
11.3476 11.3464 
0.0000 240.5732 

-1.1137 167.4157 

1341.5106 336,7961 
-0.037 -0.319 

0 . 0 8 7  -266.774 
0.001 133.445 

0.0000 103497.267 
0.0000 1192345.281 
0.0000 1194264.313 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0087 0.0000 

86.1114 0.0000 
-4.8000 0.0000 
0.0000 2057.0815 
31.3994 -30.6254 
-0.1652 -0.0372 
4.5899 -479.828 
0.0199 6535581.125 
0.0317 -5.090 

0.0000 
597.1161 2886.4414 
-1.8371 
-2.1962 
0.00476 88.2642 
31.6148 347133932.0 

0.0000 
-0.018 
-0.028 
1.154 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.000 

754.763 
-0.0421 

24351.489 
78  19.894 1 

-0.2066 
-0.6267 
0.0000 

632.2813 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

0.0657 0.0149 

-7.5756 0.0000 
-3.0019 0.0000 
0.0000 0.0000 

3528.9068 25682.9893 
3562.6344 25439.8479 

135.8528 

2.7282 88.2971 
347215316.0 

9.2682 

START W E W E R  TO SEPARATION ATTITUDE 
1 3000.0000 68015.012 0.000 721702.391 
2 25463.2236 24122.2688 21631125.25 20909426.00 
3 3250165.969 2040492.734 -636429.500 1042278.578 4 
4-42258039.000 5207259.875-42530690.000 261533.160 
5 1251947.156 141921.842 -166745.754 60302.134 

650.0000 68981.945 
25685.7329 24354.2271 
1148602.750 2040492.734 
-692550.648 6207259.875 
390366.797 141921.042 
22893.8428 7417.1665 
-8103.5355 -2448.1120 
1825.6681 410.4701 

0.000 535957.570 
21442421.75 20906466.00 
7960659.500 1042278.518 
-999739.023 261533.160 
478614,391 60302.134 
23018.0616 5863.6154 
-9525.3431 703.4510 
1313.1841 336.7961 

3389103.813 
9.2883 

12401328.500 
93.0664 
-85.2883 
0.0000 
0.0000 
0.0000 
_n A - 0  

6 -23563.6030 7417.1665 -25409.1399 5863.6154 
7 -3801.1993 -2448.1120 750.8963 703.4510 
8 -3485.n7ni &in.o7ni - 1 1 7 ~  ",.bo * ? A  ~ G . I  . _ _ _ . . " *  -..,. 1"., ~__.,,"~ 

-0.037 0.000 -0.037 -0.319 -0.018 9 - n.nnn " . nnn -" nnn -" 3 7 0  

. .... 
-" ."Lo 
_n " 7 0  

"._"" ".I-- 1.d.7 -.--- . ~.~ 
0.108 0.000 0.108 -266.774 -0.028 10 n.nnn n.nnn -n.nnn _>A* 77r. " . " C "  

1.154 i i  1.154 0.001 0.000 0.001 133.445 
-7.5756 0.0000 0.0000 102501.447 
-3.0019 
0.0000 0.0000 0.0000 1125248.969 

-97.5756 0.0000 0.0000 0.0000 

0.0000 12 0.0000 
0.0000 0.0000 1123336.047 0.0000 13 0.0000 

0.0000 14 0.0000 
0.0000 15 0.0000 

0.0000 0.0000 0.0000 0.0000 16 0.0000 
0.0000 0.0000 0.0000 0.0000 17 0.0u00 

0.0000 0.0000 18 ... 0.0000 
0.0000 0.0000 19 0.0000 0.0000 

0.0000 -0.8000 0.0000 0.000 20 0.0000 0.000 

-3.0019 
0.0000 
0.0315 0.0298 0.0236 

87.7529 87.8695 87.8694 
429.9387 

2700.9481 742.026 0-0006 10.9470 0.0000 2059.6537 754.735 21 
58.3099 31.7176 31.5500 -30.6242 -0.0422 22 -30.098 1 0.0307 

-0.0000 24122.269 14.2005 14.2002 -0.0991 -0.0370 24354.227 23 
-479.828 7819.8941 0.0000 240.5732 4.5899 -479.828 7819.8941 24 

6535581.125 -0.2066 -1.1737 167.4157 0.0199 6535581.125 -0.2066 25 
0.0657 0.0149 0.0317 -5.090 -0.6267 26 -5.090 -0.6267 

-7.5756 0.0000 588.1245 2886.4414 632.2813 28 178.1942 0.0000 591.8459 2886.4414 632.2813 
-3.0019 0.0000 -1.8538 29 2.9868 0.0000 -1.8773 
0.0000 0.0000 -2.9652 30 0.3017 0.0000 -3.0028 

0.0000 0.0000 27 152.5476 0.0000 0.0000 137.1378 

3528.9059 25686.2397 0.00501 88.2979 5.1142 31 3533.6090 25653.6174 0.00379 88.3127 164.4138 
3564.4441 25430.1426 31.6145 347217236.0 32 3560.5311 25459.6438 31.6209 347253624.0 

33 

".""_ --". * ,- 
-0.000 133.445 
0-0000 102469.949 
0.0000 1109441.719 
0.0000 1111327.203 
0.0000 0.0000 
0.0000 -0.0680 
0.0000 0.0000 
0.0584 o.noo0 

103.7139 
0.0000 
O.OO@O 

-28.7741 
0.4347 
4.5899 
0.0199 
0.0317 

0.0000 
9.4684 

-28.9313 
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TABLE AP .3-3 (Sheet 2 of 3)  
PREDICTED S-IVB-204 STAGE ORBITAL TRAJECTORY 

1 3010.6057 68015.012 0.000 722144.555 3150777.000 
2 25463.1152 24122.0115 21631394.50 20909252.50 8.6337 
3 3000048.938 2040492.736 -905856.313 1042278.578 42420576,500 
4-42296921.000 6207259.875-42521035.000 261533.160 94.0443 

1214795.734 141921.842 -18242S.082 60302.134 -85.6241 
-23601.9111 7417.1665 -25397.6863 5863.6154 0.0000 
-3524.9608 -2448.1120 1069.7259 703.4510 0.0000 
-3520.7809 410.4701 -1477.6898 336.7961 0.0000 

0.000 0.000 -0.000 -0.319 -0.018 
0.000 0.000 -0.000 -266.774 -0.028 
0.000 0.000 0.000 133.445 1.154 

177 -0632 0.0010 0.0000 102469.791 0.0000 
-0.7250 -0.5000 0.0000 1109435.906 0.0000 
-0.1173 -0.0000 0.0000 1111315.219 0.0000 
87.0632 0.0000 0.0000 0.0000 0.0000 
-0.7250 0.0000 0.0000 0.0000 0.0000 
-0.1173 0.0000 0.0000 -0.5000 0.0000 
0.0974 0.0922 0.0559 0.0000 0.0000 

104.0855 103.3296 103.3298 0.0000 0.0000 
429.9387 0.0000 0.0000 0.0000 0.000 
0.0001 9.4662 0.0000 2702.1611 741.993 

-89.6187 -29.0992 -28.9414 -30.0970 0.0388 
3.3386 -0.5395 -3.2949 -0.0000 24122.012 
0.0000 240.5732 4.5899 -479.828 7819.8941 

-1.1737 167.4157 0.0199 6535581.125 -0.2066 
0.0657 0.0149 0.0317 -5.090 -0.6267 

152.5515 0.0000 0.0000 
177.0632 0.0000 591.8471 2886 .4414  632.2813 
-0.7250 0.0000 -1.8773 
-0.1173 0.0000 -3.0028 

3533.7157 25653.0549 0.00378 88.3148 164;9445 
3560.5406 25459.7864 31.6206 347258968.0 

1 6355.0000 37693.898 
2 25661.4822 24331.0649 
3 9633195.500 2040492.734 
4 -1807753.859 6207259.875 
5 1807272.906 141921.842 .- . 
6 20488.0581 7417.1665 5863.6154 0.0000 
7 -10947.7906 -2448.1120 703.4510 0.0000 
0 7237.8237 410.4701 336.7961 0.0000 
9 0.000 0.000 -0.000 -0.319 -0.018 

-0.028 10 0.000 0.000 0.000 -266.774 
0.000 0.000 -0.000 133.445 1.154 

0.0000 
11 

0.0000 
0.0000 

12 9.1606 0.0000 
13 1.0423 0.0000 0.0000 
14 0.3434 0.0000 0.0000 0.0000 
15 -80.8394 0.0000 0.0000 0.0000 
16 1.0423 0.0000 0.0000 . .. 0.0000 

0.3434 0.0000 0.0000 0.0000 0.0000 
I8  0.1010 0.1408 0.0000 0.0000 

0.0000 0.0000 
0.1065 

19 105.5545 104.7293 104.7289 
20 429.9387 0.0000 -0.1500 0.0000 0.000 

0.0000 2172.3361 753.246 21 0.0005 10.6491 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
I5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

22 49.6114 28.4585 28.3018 -30.5628 -0.0394 
23 59.2879 59.2120 7.4358 -0.0000 24331.066 
24 0.0000 240.5732 4.5899 -479.828 7819.8941 
25 -1.1737 167.4157 0.0199 6535581.125 -0.2066 
7h n.nt.57 n.0140  0.0317 -5.090 -0.6267 -- -.---. -.-_ . _._.. 
27 139.9709 0.0000 0.0000 
21 9.1606 0.0000 416.8260 2886.4414 632.2813 
29 1.0423 0.0000 -2.9137 
30 0.3434 0.0000 -5.5430 
3 1  3530.5608 23678.5732 0.00488 88.3429 30.4180 
32 3565.1972 25429.1023 31.6215 347328076.0 
33 

PITCH TO LOCAL WORIZOMAL 
1 
2 
3 
4 -  

1 
2 

6518.8000 
25650.5156 

12798821.500 
-3916378.781 
2976007.250 
18054.4580 

.-14723.5004 
6986.2388 

0.000 
0.000 
0.000 

118.2784 
-0.6659 
0.8724 

28.2784 
-0.6659 
0.8724 
0.1374 

111.2743 
429.9387 

0.0005 
38.3234 
176.5382 
0.0000 
-1.1737 
0.0657 

142.7417 
118.2784 
-0.6659 
0.8724 

3530.9396 
3566.5197 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 

_ .  - .- - 
-22560.1904 7417;1665 -2206i.6072 5863.6154 0.0000 

7236.3737 -2448.1120 12649.9539 703.4510 0.0000 
-4516.5273 410.4701 -1259.8298 336.7961 0.0000 

0.000 0.000 -0.000 -0.319 -0.018 
0.000 0.000 0.000 -266.774 -0.028 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
-27 
28 
29 
30 
31 
32 
33 

0.000 
0.000 
0 .000  

-0.0680 
0.0010 
0.0008 
0.0000 
0.0000 
0.0000 
0.1303 

110.1232 
0.0000 
10.5614 
23.0735 
-0.4697 
240.5732 
167.4157 
0.0149 

0.0000 
0.0000 

-0.000 
0.000 

-0.000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.1797 

110.1228 
-0.1500 
0.0000 
24.9300 
-3.4300 
4.5899 
0.0199 
0.0317 

-0.319 -0.018 
-266.774 -0.028 
133.445 1.154 0.000 0.000 0.000 133.445 1.154 

177.0640 -0.0000 0.0000 79814.972 0.0000 
-1.0911 0.0000 0.0000 554775.781 0.0000 
-0.1173 0.0000 0.0000 556737.570 0.0000 
87.0640 0.0000 0.0000 0.0000 0.0000 .___ -.--.. ...___ _._.__ - i-. 091 i 0.0000 0.0000 0.0000 0.0000 ~-.- -..... ...-.. ....-. 
- 0 .  I 173 0 ~ 0 0 0 0  0.0000 0.0000 0.0000 
-0.0682 -0.0646 -0,0563 0.0000 0.0000 
86.9554 87.1162 87.1160 0.0000 0.0000 

-0.2500 0.0000 
0.0000 2709.4185 

-31.4968 -30.0919 
-4.5099 -0.0000 
4.5899 -479.828 
0.0199 6535581.125 

0 . 0 6 i f  0.0317 -5.090 
152.4733 0.0000 0.0000 
177.0640 0.0000 415.9990 2886.4414 632.2813 
-1.0911 010000 -2.8862 
-0.1173 0.0000 -5.4908 

3533.1703 25655.9819 0.00386 88.3043 -165.2239 
3560.5190 25458.9155 31.6150 347232860.0 

0.0000 0 .0000 
0.0000 0 .0000 
0.0000 0 .0000 
0.0000 0.000 

2206.8918 752.807 
-30.5359 -0.0360 
-0.0000 24321.852 
-479.828 7819.8941 

6535581.125 -0.2066 
-5.090 -0.6267 
0.0000 0.0000 

2886.4414 632.2813 

347406332.0 88.3747 38.9613 

o.oii9 

416.8978 
-2.9180 
-5.5513 
0.00501 
31.6282 

START IERTIAL ATTITLLDE HOLD 
1 
2 
3 
& 

8438.2000 37634.860 
24116.1992 

2040492.734 
6207239.875 
141921.842 
7417.1665 

-2448.1120 
410.4701 

0.000 
0.000 
0.000 

-0.0680 
-0.0001 
-0.0013 
0.0000 
0.0000 
0.0000 
0.0435 

97.9788 
0.0000 
9.4291 

-30.8513 
-0.7210 
240.5732 
167.4157 
0.0149 

0.0000 
0.0000 

0.000 
21636813.50 

-4291950.625 

-357436.277 
-24900.1597 
5074.6996 

-1547.0374 
-0.000 
0.000 
0.000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0208 
97.9789 
0.0000 
0.0000 

-30.6948 . . _ _  
5.1332 -0.0000 24116.201 

-479.028 7819.0941 
6535581.125 -02066 

-5.090 -0.6267 
0.0000 0.0000 

2886.4414 632.2813 

-42iio7a4.ooo 

88.3391 173.9053 
947318672.0 

729419.703 7104857.125 
20907396.25 19.4694 
1042278i578 41934209.000 
261533.160 101.3921 
60302.134 -80.1304 
5863.6154 0.0000 
703.4510 0.0000 
336.7961 0.0000 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

- ._-__ 
-2448.1120 

S 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

32 
33 

.3 1 

0.0000 
0.000 0.000 -0.000 -0.319 -0.018 
0.000 0.000 -0.000 - 0.000 -0.000 133.445 

-0.0680 0.0000 79781.439 
0.0004 0.0000 553463.008 
-0.0012 555395.922 
0.0000 0.0000 
0.0000 -0.0680 
0.0000 0.0000 

-0.0652 
70.7710 
0.0000 
10.7680 
25.7526 
-0.2694 
240.5732 
167.4157 
0.0149 

0.0000 
0.0000 
0.0000 

21600.3835 
25424.2686 

-0.319 -0.018 
-266.174 -0.028 
133 

79735 

0.000 
0.000 

... 
-0.028 
1.154 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

.... 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.000 

2126.1952 753.844 
-30.5845 -0.0369 
-0.0000 ‘24341.761 
-479.828 1819.8941 

6535581.125 ‘ -0.2066 
-5.090 -0.6267 

0.0000 
632.2813 

0.000 
9.2176 
1.0420 
0.3444 

-80.7824 
1.0420 
0.3444 

0.0000 0.0000 
-0.0680 0.0000 

0.0000 0.0000 
0.0000 0.0000 -0.0688 

69.6777 
429.9387 

0.0005 
113.7463 
3.3604 
0.0000 

-1.1737 
0.0657 

140.7000 
9.2176 
1 - 0420 
0.3444 

3530.5208 
3566.0859 

-0.1135 
70.7720 
0.0000 
0.0000 

25.6062 
3.3576 
4.5899 
0.0199 
0.0317 

416.5952 
-2.9103 
-5.5367 
0.00501 
31.6270 

0.0000 0.0000 
0.0000 0.000 

2722.1183 741.437 
-30.0783 0.0407 

4.5899 
0.0199 
0-0317 ..- - 

0.0000 
2886.4414 4 17.5020 

-2.9239 
-5.5624 
0.00374. 
31.6167 

1.0958 
-0.0606 

3534.5096 
3561.0442 

0.0000 
25649.6421 
25458.5171 

88.3587 
347367116.0 

-23.4798 
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TABLE AP 3-3 (Sheet 3 of 3) 
PREDICTED S-IVB-204 STAGE ORBITAL TRAJECTORY 

PITCH W E  UP TO LDCAL HORIZCN 
126818.086 

20906800.15 
1042278.518 
761533.160 

1141022.516 
3.1432 

42527451.500 
206.0696 
-88.5480 
0.0000 
0.0000 
0.0000 
-0.018 
-0.028 
1.154 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

650798.039 
20918331.50 
1042278.518 
261533.160 
60302.134 - .____ 5863.6154 

-2448.1120 24861.5845 103.4510 
410.4101 -359.1091 336.7961 

0.000 -0.000 -0.319 
-0.000 -266.714 0.000 

133.445 
79512.873 

501022.293 
502940.340 

0.0000 
0.0000 
0.0000 

15392328.750 
42.1685 

39635809.000 
273.1208 
-68.5647 
0.0000 
0.0000 
0.0000 
-0.018 
-0.028 
1.154 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  

_ .  
60302.i3i 
5863.6154 
103.4510 
336.1961 

-0.319 
-266.714 
133.445 

79731.033 
551961.563 
553841.315 

0.0000 
0.0000 

-0.0680 
0.0000 
0.0000 
0.0000 

2714.9815 
-30.0861 
-0.0000 

-479.828 
6535581.125 

-5.090 
0.0000 

2886.4414 

1 
8 
9 
10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

462.3912 
-9296.5781 

0.000 
0.000 

410.4701 -1321.8105 
0.000 -0.000 
0.000 -0.000 
0.000 0 .000 

-0.0618 0.0000 
-0.0047 0.0000 
-0.0010 0.0000 

0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
-0.0191 -0.0650 
84.9068 84.9066 
0 .oooo 0.0000 
9.4429 0.0000 

-31.4098 -31.2447 
30.1617 88.1824 
240.5132 4.5899 
167.4157 0.0199 
0.0149 0.0317 

0.000 
55.6445 
0.8531 
85.9962 

-34.3555 
0.8531 

85.9962 
-0.0841 
84.6224 

429.9381 
0.0001 

-100.9060 
91.2115 
0.0000 

-1.1737 
0.0651 

152.5134 
55.6445 
0.8531 
85.9962 

3534.4848 
3561.0158 

0.0000 
0.0000 
0.000 

741.643 
0.0406 

24119.735 
1819.8941 

-0.2066 
-0.6267 
0.0000 

632.2813 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

-0.3334 
64.1562 
0.0000 
9.8690 

-19.0350 
-45.7205 
240.5732 
161.4151 

0.0149 

0.0000 
0.0000 
0 .0000 

25415.5378 
25668.9949 

-0.2834 
64.1556 
0.0000 
0.0000 

-18.9202 
21.0636 
4.5899 
0.0199 
0.0311 

0.0000 
0.0000 
0.0000 

2506.4429 
-30.2891 
-0.0000 
-479.828 

6535581.125 
-5.090 
0.0000 

2886.4414 

0.0000 
0.0000 
0.000 

148.035 
24220.727 0.0284 

7819.8941 
-0.2066 
-0.6267 
0.0000 

632.2813 

62.6217 
429.9381 

0.0002 
-144.5812 

47.6070 
0.0000 

-1.1131 
0.0657 

151.9618 
55.6015 
0.8501 

-22.971 1 
3533.4182 
3568.1159 

0.0000 417.5968 
0.0000 -2.9238 
0.0000 -5.5623 

25649.8335 0.00375 
25458.3030 31.6156 

442.8505 
-3.2088 
-6.0988 
0.00496 
31.6405 

88.3392 
341318988.0 

ROLL 

-362.3061 88.4631 
347623940.0 

-86.1568 

TERMINATE CC?&TAW 

1 9145.2000 
2 25511.2166 
3 -9010124.500 
4-40320221.500 
5 -2933959.125 

-19553.4878 
10624.2061 
-9444.6643 

0.000 

605267.531 42981182.000 
20924100.15 117.7341 
1042278.518 36328100.000 
261533.160 275.3238 
6n302.134 -58.3473 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
23 
26 
21 
28 
29 
30 
31 
32 
33 

._._. . .. . 
5863,6154 0.0000 
703.4510 0.0000 
336.7961 0.0000 

-0.319 -0.018 

0.0000 
703.4510 0.0000 
336.1961 0.0000 

-0.319 -0.018 
8 -6206.7261 
9 0.000 

410.4701 233.0295 
0.000 -0.000 0.000 -0.000 

0.000 
0.000 

55.6015 
0.8501 

. -22.1411 
-34.3985 

0.8501 
-22.1411 
-0.3254 
69.5855 
429.9381 

0.0002 
-128.5342 

64.7744 
0.0000 

-1.1737 
0.0657 

152.3439 
55.6015 
0.8507 

-22.7411 
3533.3430 
3566.9955 

0.000 
0.000 

-0.0000 
0.0000 

-0.2800 
0.0000 
0.0000 
0.0000 

-0.3084 

0.0000 
9.6509 

-2S.7001 
-63.3832 
240.3132 
161.4157 
0.0149 

0.0000 
0 .0000 

70.6988 

-0.000 
-0.000 
0.0000 
0.0000 
0.0000 
.o.oooo 
0.0000 
0.0000 

-0.2604 
10.6981 
0.0000 
0.0000 

-25.5548 
35.8906 
4.5899 
0.0199 
0.0317 

442.6874 
-3.2160 
-6.1375 
0.00474 
31.6290 

-266.174 
133.445 

79561.973 
501374.391 
503272.813 

-0.2800 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

2606.7226 
-30.1913 
-0.0000 

-479.828 
6535581.125 

-5.090 
0.0000 

2886.4414 

-0.028 
1.154 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.000 

744.884 
0.0359 

24174.664 
7819.891~1 

-0.2066 
-0.6267 
0.0000 

632.2813 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

0.000 
0.000 

259.6889 
-0.3570 
-1.2866 

169.6889 
-0.3510 
-1.2866 
-0.3251 
57.6032 

429.9381 
0.0003 

-162.5150 
171.5420 
0.0000 

-1.1737 

... 
0.000 
0.000 

-0.6698 
-0.0150 
0.0042 
0.0000 
0.0000 
0.0000 

-0.3083 
59.4641 
0.0000 

0 .000  
0.000 

0 .0000  
0 .0000  
0.0000 
0.0000 
0.0000 
0.0000 
-0.2796 
59.4638 
0.0000 
0.0000 
-8.7658 
1.0291 
4.5899 
0.0199 
0.0317 

443.0533 

-266.714 
133.445 

19452.091 
500586.105 
502528.451 

0.0000 
-0.6700 
0.0000 
0.0000 
0.0000 
0.0000 

2361.6921 
-30.4127 
-0.0000 

-419.828 
6535581.125 

-5.090 
0.0000 

2886.4414 

-0.028 
1.154 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.000 

150.955 
0.0140 

24278.038 
7819.8941 

-0.2066 

10.1910 
-8.8223 
-2.2327 

240.5132 
167.4157 

0.0657 
151.2049 
259.6889 
-0.3570 
-1.2866 

3532.6229 
3511.4821 

o.oi49 

0.0000 
0.0000 
0.0000 

25678.5964 
25399.1985 

-0.6267 
0.0000 

632.2813 

-63.4575 

-3.1999 
-6.0507 
0.00541 
31.6523 

0.0000 
25666.6511 
25424.5020 

80.4204 
341538696.0 

-106.6168 88.4988 
347711716.0 
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PRINTOUT 
SYMBOL 

A* 

A SB XM 

A SB YM 

A SB ZM 

CHORD FORCE 

D* 

ECCENTRICITY 

E* 

F SB AX 

F SB AY 

F SB AZ 

AVG F SB L 

F SB T 

TABLE AP 3-4 (Sheet 1 of 11) 
SYMBOL DEFINITION FOB S-IB/S-IVB 

STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 

COMMON 
SYMBOL 

A* 

a a a xm’ ym’ zm 

C 

D* 

e 

E* 

- 
FL 

FT 

DEFINITION 

Azimuth ang le  measuted i n  t h e  p l a n e  

t angen t  t o  t h e  e a r t h ’ s  s u r f a c e  a t  r a d a r  

s t a t i o n ;  p o s i t i v e  clockwise from n o r t h  

t o  t h e  pe rpend icu la r  p r o j e c t i o n  of t h e  

v e c t o r  drawn between t h e  v e h i c l e  and t h e  

r a d a r  i n  t h e  t angen t  p l ane  (deg) 

Vehicle  a c c e l e r a t i o n s  i n  t h e  v e h i c l e  

coord ina te  system ( f t / s e c  ) 2 

Aerodynamic chord f o r c e  ( l b f )  

S l a n t  range d i s t a n c e  between t h e  v e h i c l e  

and r a d a r  s t a t i o n  ( f t )  

E c c e n t r i c i t y  of a con ic  s e c t i o n  

(dimensionless)  

E l e v a t i o n  a n g l e  measured p o s i t i v e l y  up 

from a p lane  t angen t  t o  t h e  e a r t h ’ s  sur-. 

f a c e  a t  t h e  r a d a r  s i te .  Angle between 

t h e  p l ane  and t h e  v e c t o r  drawn between 

t h e  missile and r a d a r  s t a t i o n  ( f t )  

T o t a l  energy ( f t  /sec ) 
2 2 

Aerodynamic f o r c e s  i n  t h e  v e h i c l e  

c o o r d i n a t e  system ( l b )  

Average l o n g i t u d i n a l  t h r u s t  ( l b f )  

T o t a l  e f f e c t i v e  engine t h r u s t  ( l b f )  
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PRINTOUT 
SYMBOL 

F SB TX 

F SB 'IY 

F SB TZ 

F SB X 

F SB Y 
F SB Z 

G (RHO) 

G (PSI) 

ALTITUDE 

I N C L I N A T I O N  

I SB SP 

AVG I SB SP 

I SB XX 

I SB YY 

I SB ZZ 

MACH NO. 

TABLE AP 3-4 (Sheet 2 of 11) 
SYMBOL DEFINITION FOR S-IB/S-IVB 

STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 

COMMON 
SYMBOL DEFINITION 

FT 9 FT 9 FT P ropu l s ive  f o r c e s  i n  t h e  v e h i c l e  system 
z 

( l b f )  
X Y  

gP 

h 

i 

I 

I 

SP 

SP 
- 

T o t a l  f o r c e s  i n  t h e  v e h i c l e  coord ina te  

system ( l b f )  

Component of gravity due t o  t h e  a t t r a c t i v e  

f o r c e  of t h e  e a r t h  measured a long  r 
2 p o s i t i v e  down ( f t / s e c  ) 

C 

Component of g r a v i t y  due t o  a t t r a c t i v e  

f o r c e  of t h e  e a r t h  measured along t h e  

pe rpend icu la r  t o  r p o s i t i v e  down 

( f t / s e c  
C 2 

Vehicle  a l t i t u d e .  Distance between t h e  

s p h e r o i d ' s  s u r f a c e  and v e h i c l e  measured 

along t h e  normal t o  t h e  e a r t h ' s  s u r f a c e  

p o s i t i v e  up ( f t )  

E q u a t o r i a l  o r b i t a l  i n c l i n a t i o n  (deg) 

S p e c i f i c  impulse ( sec )  

Average s p e c i f i c  impulse ( sec )  

I P r i n c i p a l  v e h i c l e  moments of i n e r t i a  
2 I X X '  yy' I Z Z  

( s l u g - f t  ) 

M Vehicle mach number 
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PRINTOUT 
SYMBOL 

M SB X 

M SB Y 
M SB Z 

M SB AX 

M SB AY 

M SB A2 

NORMAL FORCE 

PERIOD 

P SB M 

PRESSURE 

Q 

Q SB M 

R 

R (PER) 

R SB C 

R SB L 

R SB M 

S (BAR*) 

TABLE AP 3-4 (Sheet 3 of 11) 
SYMBOL DEFINITION FOR S-IB/S-IVB 

STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 

COMMON 
SYMBOL 

N 

P 

- pM 

4 

QM 

r a 

PER r 

r 
C 

L r 

’fk 

3* 

DEFINITION 

T o t a l  moments about  t h e  a x i s  of t h e  

v e h i c l e  c o o r d i n a t e  system ( f t - l b f )  

Aerodynamic moments i n  t h e  v e h i c l e  

c o o r d i n a t e  system ( f t - l b f )  

Aerodynamic normal f o r c e  ( l b f )  

Pe r iod  of e l l i p t i c a l  o r b i t  (min) 

T o t a l  v e h i c l e  r o l l  rate; p o s i t i v e  r o l l  

m clockwise looking forward a long  t h e  X 

a x i s  (deg/sec) 

Atmospheric p r e s s u r e  a t  t h e  v e h i c l e  

( l b  / f t2) 

Vehicle  dynamic p r e s s u r e  ( l b f / f t  ) 2 

T o t a l  v e h i c l e  p i t c h  rate, p o s i t i v e  nose 

UP (deg/sec)  

Radius of apogee ( n a u t i c a l  miles) 

Radius of p e r i g e e  ( n a u t i c a l  m i l e s )  

In s t an taneous  d i s t a n c e  between t h e  

c e n t e r  of t h e  e a r t h  and t h e  v e h i c l e  ( f t )  

Ea r th  r a d i u s  a t  the launcher  (ft) 

T o t a l  v e h i c l e  yaw rate; p o s i t i v e  yaw-nose 

l e f t  (deg/sec)  

Product  of t h e  average e a r t h  r a d i u s  and 

t h e  c e n t r a l  a n g l e  t r a v e r s e d  du r ing  g l i d e  

( n a u t i c a l  miles) 
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TABLE AP 3-4 (Sheet 4 of 11) 
SYMBOL DEFINITION FOR S-IB/S-IVB 

STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 

PRINTOUT 
SYMBOL 

COMMON 
SYMBOL DEFINITION 

S SB F Downrange d i s t a n c e  a t  t e r m i n a l  a l t i t u d e  

(nautical  miles) 

RANGE S S p h e r i c a l  e a r t h  ground range ( f t ) .  

Based on t h e  s p h e r i c a l  e a r t h  range 

ang le  and t h e  average e a r t h  r a d i u s  

s bF SAF Space a t t e n u a t i o n  f a c t o r  measured from 

r a d a r  s t a t i o n  i 

TIME Current s i m u l a t i o n  t i m e ,  measured from 

v e h i c l e  l i f t o f f  ( s e c )  

t 

T SB F Time  s i n c e  launch a t  t h e  t e r m i n a l  

a l t i t u d e  ( sec )  
t f  

'J: (1) 

T (3) 

DELTA-T (3)  

D-T (CO) 

T1 

T3 

F i r s t  s t a g e  t i m e  t o  go ( sec )  

Second s t a g e  t i m e  t o  go ( sec )  

AT3 

Atco 

Cor rec t ion  t o  T3 ( see )  

Time-to-go u n t i l  engine c u t o f f  command 

(set) 

The temperature  s p e c i f i e d  a t  a c e r t a i n  

a l t i t u d e  (deg R) 

TEMPERATURE TR 

V 
aP 

ee v e l o c i t y  of t h e  g l i d e  phase o r b i t  

( f  t/sec) 

V SB E ve Magnitude of t h e  v e h i c l e ' s  e a r t h  f i x e d  

v e l o c i t y  ( f  t / s ec )  

vf . Magnitude of i n e r t i a l  v e l o c i t y  a t  

terminal a l t i t u d e  (f t/sec) 
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PRINTOUT 
SYMBOL 

V SB I 

V (PER) 

V SB RM 

V SB W 

WEIGHT 

WEIGHT FLOW 

XVG D-'W 

s, T, z 
D-S, D-Y, D-Z 

DD-S,  DD-Y, DD-Z 

X SB CG 

T SB CG 

Z SB CG 

TABLE AP 3-4 (Sheet  5 of 11) 

STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 

SYMBOL DEFINITION FOR S-IB/S-IVB 

COMMON 
SYMBOL DEFINITION 

Magnitude of t h e  v e h i c l e ' s  i n e r t i a l  

v e l o c i t y  ( f t / s e c )  

V P e r i g e e  v e l o c i t y  of t h e  g l i d e  phase 

o r b i t  (f  t / s e c )  
P e r  

Magnitude of t h e  v e h i c l e ' s  v e l o c i t y  

r e l a t i v e  t o  t h e  e a r t h ' s  atmosphere 

(f t / s e c )  

vRM 

Wind v e l o c i t y  re la t ive t o  t h e  e a r t h  

(f t / s e c )  
vW 

W T o t a l  v e h i c l e  weight (lbm) 

T i m e  ra te  of change of t o t a l  v e h i c l e  

weight (lbm/sec) 

Average t i m e  rate of change of t o t a l  

v e h i c l e  weight (lbm/sec) 

Components of v e h i c l e  p o s i t i o n ,  v e l o c i t y  

and a c c e l e r a t i o n s .  A s u b s c r i p t  on t h e s e  

q u a n t i  t ies i n d i c a t e s  t h e  coord ina te  

system i n  which t h e s e  q u a n t i t i e s  are 
L measured. ( f t ,  f t / s e c ,  f t / s e c  , 

r e s p e c t i v e l y )  

Components of v e h i c l e  center of g r a v i t y ,  

w i t h  XCG measured p o s i t i v e  forward from 

t h e  v e h i c l e  r e f e r e n c e  p l ane ,  

measured p o s i t i v e  r i g h t  from t h e  m i s s i l e  

c e n t e r l i n e ,  and Z measured p o s i t i v e  CG 
down from t h e  v e h i c l e  c e n t e r l i n e  ( i n . )  

'CG' 'CG' 'CG 

'CG 
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PRINTOUT 
SYMBOL 

X SB CP 

Y SB CP 

Z SB CP 

D-X (V) 

D-Y (V) 

D-Z (V) 

ALPHA* (S-IVB) 

ALPHA (S-IB) 

TaBLE AP 3-4 (Sheet 6 of 11)  
SYMBOL DEFINITION FOR S-IB/S-IVB 

STAGE TRAJECTORY AND WAX PARAMETERS 
COMPUTER PROGRAMS 8877, AC77, AND AB79 

COMMON 
SYMBOL DEFINITION 

Components o f  v e h i c l e  c e n t e r  o f  p r e s s u r e ,  

w i t h  Xcp measured p o s i t i v e  forward from 

t h e  v e h i c l e  r e f e r e n c e  p l ane ,  Ycp 

measured p o s i t i v e  r i g h t  from t h e  missile 

centerline,  and ZcP measured p o s i t i v e  

down from t h e  v e h i c l e  centerline ( i n . )  

P o s i t i o n  coord ina te s  i n  t h e  terminal 
r a d i u s  coord ina te  system. Or ig in  i s  a t  

t h e  e a r t h ' s  center, Yv a long the d e s i r e d  

terminal r a d i u s ,  Xv i n  t h e  o r b i t  p l ane  

i n  t h e  d i r e c t i o n  of o r b i t a l  motion, Zv 

forming a r i g h t  handed coord ina te  

xcPs ycPs %P 

X", YV, zv 

system (m) 

X", YV, zv Ve loc i ty  Coordinates i n  terminal r a d i u s  

a' 

a 

ALPHA (S-IVB) a 

ALPHA SB P (S-IB) 01 
P 

T o t a l  ang le  of a t t a c k .  Angle between 

t h e  c e n t e r l i n e  of t h e  v e h i c l e  and t h e  

v e h i c l e  a i r  v e l o c i t y  v e c t o r  (deg) 

P i t c h  ang le  of a t t a c k .  

the p r o j e c t i o n  of t h e  v e h i c l e ' s  a i r  

v e l o c i t y  vector on to  t h e  p i t c h  p l ane  

and t h e  c e n t e r l i n e  of the vehicle 

Angle between 

(deg) 
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TABLE AP 3-4 (Sheet 7 of 11) 
SYMBOL DEFINITION FOR S-IB/S-IVB 

STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 

PRINTOUT COMMON 
SYMBOL SYMBOL 

BETA (S-IVB) B 
ALPHA SB Y (S-IB) ~1 

Y 

BETA 

BETA (F) 

GAMMA (1) 

GAMMA (11) 

GAMMA (11) PR 

GAMMA (21) PR 

DEFINITION 

Yaw ang le  of a t t a c k .  

p r o j e c t i o n  of t h e  v e h i c l e ' s  a i r  v e l o c i t y  

v e c t o r  onto t h e  yaw p lane  and t h e  center- 

l i n e  of t h e  v e h i c l e  (deg) 

Angle between t h e  

B True anomaly a t  start  of g l i d e  (deg) 

True anomaly a t  t e rmina l  a l t i t u d e  (deg) 

Eleva t ion  f l i g h t  pa th  ang le .  Angle 

between t h e  e a r t h  f i x e d  v e h i c l e  v e l o c i t y  

and t h e  l o c a l  tangent  p l ane  p o s i t i v e  

f o r  an  ascending v e h i c l e  (deg) 

@f  

Y 1  

y2 

1 

I1 
Y 

Azimuthal f l i g h t  pa th  angle .  Angle 

between t h e  l o c a l  n o r t h  clockwise t o  

t h e  p r o j e c t i o n  of t h e  e a r t h  f i x e d  

v e h i c l e  v e l o c i t y  on t h e  l o c a l  tangent  

p l ane  (deg) 

I n e r t i a l  e l e v a t i o n  f l i g h t  pa th  angle .  

Same as y 

v e h i c l e  v e l o c i t y  (deg) 

except  measured t o  i n e r t i a l  2 

Ine r t i a l  e l e v a t i o n  f l i g h t  pa th  angle .  

Angle between t h e  i n e r t i a l  v e l o c i t y  

v e c t o r  and t h e  X, ' Z ' plane .  Angle 
I LI 

is p o s i t i v e  f o r  an ascending v e h i c l e  (deg) 

I n e r t i a l  azimuthal  f l i g h t  pa th  angle  

measured i n  t h e  Z ' plane .  .Angle 

between ZL19 clockwise t o  t h e  p r o j e c t i o n  

of t h e  i n e r t i a l  v e l o c i t y  v e c t o r  (deg) 

I LI 
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TABLE AP 3-4 (Sheet 8 of 11) 

STAGE TRAJECTORY AND RADAR PAWTERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 

SYMBOL DEFINITION FOR S-IB/S-IVB 
a 

PRINTOUT 
SYMBOL 

COMMON 
SYMBOL DEFINITION 

GAMMA SB IF Iner t ia l  f l i g h t  p a t h  e l e v a t i o n  ang le  a t  

t h e  t e r m i n a l  a l t i t u d e  (deg) 

GAMMA SB 2P 
y2f 

I n e r t i a l  f l i g h t  p a t h  azimuth ang le ,  

a t  t h e  t e rmina l  a l t i t u d e  (deg) 

DELTA (A) Vehicle  a c t u a t o r  A (yaw) and a c t u a t o r  

B ( p i t c h )  
6A' 

D-DELTA (A) 

D-DELTA (B) 

Vehicle  a c t u a t o r  A (yaw) and a c t u a t o r  B 

( p i t c h )  gimbal ang le  rates, r e s p e c t i v e l y  

(deg / s e c )  

GMCP SMCP P i t c h  t h r u s t  misalignment c o r r e c t i o n  

(radiar is)  

GMCY Yaw t h r u s t  misalignment c o r r e c t i o n  

( r a d i a n s )  

SMCY 

Tabular  wind azimuth ang le ,  p o s i t i v e  

clockwise from n o r t h ,  as a f u n c t i o n  of 

a l t i t u d e  ( a t  = zero wind i s  coming 

from t h e  no r th )  (deg) 

E SB W W E 

EPS (THETA) 

EPS (PSI )  

EPS (PHI) 

Autopi lo t  e r r o r  s i g n a l  (deg) 

rl' S p h e r i c a l  e a r t h  range angle .  

is  measured between l i n e s  connect ing 

t h e  fo l lowing  t h r e e  po in t s :  t h e  v e h i c l e ,  

t h e  c e n t e r  of t h e  e a r t h ,  and t h e  launcher  

wi th  t h e  e a r t h ' s  c e n t e r  as t h e  v e r t e x  

( r a d i a n s  1 

The ang le  W G E  ANGLE 
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TABLE AP 3-4 (Sheet 9 of 11) 
SYMBOL DEFINITION FOR S-IBIS-IVB 

STAGE TRAJECTORY ANI) RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 

PRINTOUT COMMON 
SYMBOL SYMBOL DEFINITION 

. . . 
D-THETA (M) QRJ? 
D-PSI (M) QRP Euler angle rates (deg/sec) 

'M, $M, 'M Vehicle pitch, yaw, and roll attitude 

D-PHI (M) QRP 

THETA SB C 

THETA (M) QRP 
PSI (M) QRP Euler angle (deg) 

PHI (M) QRP 

Commanded vehicle pitch Euler angle (deg) 

Vehicle pitch, yaw, and roll attitude 

OC 
., 
OM, qM9 @M 

THETA (P) BP' BY' OR For the three-gimbal stable platform, 

THETA (Y) pitch, yaw and roll angles, respectively 

THETA (R) (deg) 

Mu lJ Instantaneous vehicle longitude where 

Greenwich, England, is longitude zero. 

West of Greenwich is positive (deg) 

MLJ SB F 

XI 

ETA 

ZETA 

D-XI 

D-ETA 

D-ZETA 

lJ 

5 ,  n s  3 

Longitude of rf (deg) 

Vehicle position obtained by integrating 

i, ;I, i e  
the P system at t = 0, and is falling 

with an acceleration equal to gravity 

at the vehicle position. 

velocity in this system correspond t o  

the position and velocity the vehicle 

would have if gravity were zero. (m) 

The [ , r l , <  system coincides with 

Position and 

' 

Vehicle velocity obtained by integrating 

E o  11, 3 W s e 4  

* *  

.. .. .. i, nr 3 ,  
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PRINTOUT 
SYMBOL 

RHO 

RHO PRIME 

RHO SB F 

TAU-P 

TAU SB PHI 

TAU SB THETA 

TABLE AP 3-4 (Sheet 10 of 11) 

STAGE TWECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS 0 7 7 ,  AC77, AND AB79 

SYMBOL DEFINITION FOR S-IB/S-IVB 

P 

P '  

P f  

T 

Q, T 

COMMON 
SYMBOL DEFINITION 

Ins t an taneous  g e o d e t i c  l a t i t u d e ,  p o s i t i v e  

i n  t h e  n o r t h e r n  hemisphere (deg) 

Ins t an taneous  g e o c e n t r i c  l a t i t u d e ,  

p o s i t i v e  i n  t h e  n o r t h e r n  hemisphere (deg) 

Longitude of rf (deg) 

Radar p o l a r i z a t i o n  look a n g l e  f o r  t h e  i t h  

r a d a r  s t a t i o n :  

c t i o n  of t h e  v e h i c l e  c e n t e r l i n e  on a 
p l a n e  p e r p e n d i c u l a r  t o  t h e  r a d a r  l i n e  of 

s i g h t  and t h e  l i n e  of i n t e r s e c t i o n  of 

t h e  p l a n e  c o n t a i n i n g  t h e  r a d a r  l i n e  of 

s i g h t ,  p e r p e n d i c u l a r  t o  t h e  e a r t h ' s  

s u r f a c e ,  and t h e  p l a n e  pe rpend icu la r  t o  

t h e  r a d a r  l i n e  of  s i g h t ,  measured p o s i t i v e  

counterclockwise from t h i s  l i n e  of 

i n t e r s e c t i o n  as viewed looking along t h e  

r a d a r  l i n e  of s i g h t  toward t h e  v e h i c l e  

a n g l e  between t h e  p ro je -  

(deg) 

R o l l  look a n g l e  measured from t h e  p o s i t i v e  

yaw axis (Y,) clockwise look ing  forward 

( f i n  p l a n e  I11 t o  I V )  to t h e  t e l e m e t r y  

l ine  of s i g h t  i n  t h e  r o l l  p l a n e  (deg). 

T o t a l  t e l eme t ry  look  a n g l e  measured from 

t h e  p o s i t i v e  (nose) v e h i c l e  c e n t e r l i n e  t o  

t h e  t e l e m e t r y  l i n e  of s i g h t  (deg).  
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PRINTOUT 
SYMBOL 

TAU (1G) 

TAU (36) 

TAU SB F 

PHI SB C 

PHI (T) 

PSI SB C 

CHI SB P 
CHI SB R 
CHI SB Y 

D-CHI SB P 
D-CHI SB R 
D-CHI SB. Y 

TABLE AP 3-4 (Sheet 11 of 11) 
SYMBOL DEFINITION FOR S-IB/S-IVB 

STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 

COMMON 
SYMBOL DEFINITION 

Ratio of WIG during third stage opera- 
tion (sec) 

Ratio of W/6 during third stage opera- 
tion (sec) 

1G T 

36 T 

f T Time since/to perigee at terminal 
altitude (sec) 

Command vehicle roll Euler angle (deg) 

Estimate of terminal range angle measured 
in the orbit plane from the descending 
node to the terminal radius vector, 
positive in the flight direction 
(radians) 

% 
+T 

4C 

XP 
XR 
XY 

Comand vehicle yaw Euler angle (deg) 

Guidance-commanded body attitude angle 
in the vehicle pitch, roll, and yaw 

plane (deg) 

Guidance - commanded body attitude rates 
in the vehicle pitch, 'roll, and yaw 
plane (deg/sec) 
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TABLE AP 3-5 (Sheet 1 of 2) 
LIST OF COORDINATE SUBSCRIPT DEFINITIONS 

ee 

LL 

LI 

L'  I 

m 

P '  

S 

Coordinate  system on t h e  s u r f a c e  of t h e  sphe ro id  r e p r e s e n t i n g  

t h e  e a r t h  and whose o r i g i n  is  a t  t h e  same l a t i t u d e  and l o n g i t u d e  

as t h e  launcher .  Xee p o s i t i v e  downrange, 

t h e  s u r f a c e  of t h e  s p h e r o i d ,  p o s i t i v e  up, and Zee c ros s range  

p o s i t i v e  i n  t h e  r i g h t  handed c o o r d i n a t e  system. 

pe rpend icu la r  t o  'ee 

(Engl ish)  

I n s t a n t a n e o u s  c o o r d i n a t e  system l o c a t e d  on t h e  e a r t h ' s  s u r f a c e  

under t h e  v e h i c l e  w i t h  t h e  X 

s u r f a c e .  

n o r t h .  (Eng l i sh )  

p l a n e  t angen t  t o  t h e  e a r t h ' s  LL, 'LL 
P o s i t i v e  d i r e c t i o n s  are xLL w e s t ,  YLL UP, and ZLL 

Ins t an taneous  i n e r t i a l  c o o r d i n a t e  system c o i n c i d e n t a l  w i t h  t h e  L 

system. V e l o c i t i e s  i n  t h i s  system are i n e r t i a l .  (Engl ish)  

Ins t an taneous  i n e r t i a l  coo rd ina te  system l o c a t e d  on t h e  e a r t h ' s  

s u r f a c e  under t h e  v e h i c l e  where Z ' p o i n t s  n o r t h ,  XL' p o i n t s  w e s t  

and YL' i s  along a l i n e  connect ing t h e  e a r t h  c e n t e r  and t h e  

v e h i c l e .  V e l o c i t i e s  i n  t h i s  system are i n e r t i a l .  (Engl ish)  

L 

Vehicle  c o o r d i n a t e s  f i x e d  a t  t h e  c e n t e r  of g r a v i t y  o f  t h e  v e h i c l e .  

X paral le l  t o  t h e  l o n g i t u d i n a l  axis of t h e  v e h i c l e  p o s i t i v e  f o r -  

ward, Y a t  t h e  ze ro  deg bank ang le  p o s i t i o n ,  and A a t  t h e  90 deg 

bank ang le  p o s i t i o n .  (Engl ish)  

m 

m m 

I n e r t i a l  c o o r d i n a t e  system wi th  i t s  o r i g i n  at t h e  c e n t e r  o f  t h e  

e a r t h  and wi th  i t s  Ei, 
g r a v i t y  v e c t o r  a t  launch through t h e  e a r t h ' s  c e n t e r ,  p o s i t i v e  up. 

The Xp 
axes a t  launch and Z ' forms a right-handed coord ina te  system. 

(Met r ic) 

a x i s  a long t h e  l i n e  p a r a l l e l  t o  t h e  l o c a l  

a x i s  is  p a r a l l e l  t o  t h e  p l ane  de f ined  by t h e  X and Y 
X X 

P 

Coordinates  i n i t i a l l y  co inc iden t  w i th  t h e  e system, b u t  remaining 

f i x e d  i n  space.  (Engl ish)  

AP 3-48 
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S FE 

TABLE AP 3-5 (Sheet  2 of 2) 
LIST OF COORDINATE SUBSCRIPT DEFINITIONS 

Space Fixed Ephemeris System. The o r i g i n  of t h e  system is  a t  t h e  

c e n t e r  of t h e  e a r t h ,  Z 

vernal equinox and Y completes t h e  r i g h t  handed system w i t h  the  

is  p o s i t i v e  n o r t h ,  XSFE passes  through t h e  S FE 

S FE 
-Y p lane  co inc iden t  wi th  t h e  e q u a t o r i a l  plane.  The 

d i r e c t i o n s  of t h e  axes remain f i x e d  i n  space  and t h e  o r i g i n  moves 

wi th  t h e  c e n t e r  o f  t h e  e a r t h .  The r e fe rence  equinox and equa to r  

are t h e  t r u e  v e r n a l  equinox and equa to r  f o r  t h e  epoch of midnight 

of t h e  day of t h e  launch. (Engl i sh)  

'SFE SFE 
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N 

LAUNCH MERIDIAN 

VERNAL 

NOTE: THE Y AXES ARE PERPENDICULAR TO THE 
EARTH'S SURFACE AT THE LAUNCH SITE 
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APPENDIX4 - 
TELEMETRY LOOK ANGLES AND TELEMETRY = 
POWER MARGINS 



4 .  TELEMETRY LOOK ANGLES AND TELEMETRY POWER MARGINS 

T h i s  appendix p r e s e n t s  t h e  t e l eme t ry  look  ang le s  and t h e  t e l eme t ry  power 

margins.  

Table  AP 4-1 l ists  t h e  t i m e s  a s s o c i a t e d  w i t h  a n e g a t i v e  5 degree acqui- 

s i t i o n  and l o s s  of t e l eme t ry  s i g n a l  f o r  s l i g h t l y  over  two r e v o l u t i o n s .  

F i g u r e  AP 4-1 p r e s e n t s  t h e  e l e v a t i o n  look a n g l e  v e r s u s  t i m e  f o r  S-IVB 

powered f l i g h t .  

The antenna power margins f o r  t h e  fol lowing t e l eme t ry  s t a t i o n s  are  

shown i n  f i g u r e s  AP 4-2 through AP 4-23: 

T e l  4 Ship I 

Bermuda Carnarvon 

I n s e r t i o n  s h i p  Douglas - A3 

Canary I s l a n d s  Corpus C h r i s t i  

Tananarive H a w a i i  

The power margins are p l o t t e d  f o r  a 0 deg a c q u i s i t i o n  and l o s s  of 

signal.. 
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5. PREDICTED PROPULSION SYSTEM PERFORMANCE 

This  appendix c o n t a i n s  p r e d i c t e d  propu1,sion performance d a t a  i n  suppor t  

of t h e  s t a g e  o b j e c t i v e s  p re sen ted  i n  s e c t i o n  3. The d a t a  are submit ted 

i n  accordance wi th  t h e  requirements of t h e  Douglas c o n t r a c t  l e t te r  

A3-131-4.35.12-L-595, c o n t r a c t  NAS7-101, S-IVB Stage PropuZsion System 

Performance Prediction Requirements (RFQ1384), dated 9 August 1967. 

d a t a  w e r e  forwarded t o  NASA/MSFC by Con t rac to r  l e t te r  A3-860-KCBO-4.23-L- 

1729, Contract  NAS7-101, S-ID FinaZ PropuZsion Performance Prediction, 

S-IVB-204 (Rev 2 ) ,  da t ed  28 June 1967. The p r e d i c t i o n s  are p resen ted  i n  

accordance w i t h  Change Orders 501, 575, and ECP X189. 

The 

P r e d i c t e d  p ropu l s ion  system performance parameters are p resen ted  i n  

t a b l e  AP 5-1, and t a b l e  AP 5-2 i s  a programmed AA89 computer p r i n t o u t .  

Table  AP 5-3 c o n s i s t s  of a l i s t  of symbols w i t h  t h e i r  d e f i n i t i o n s  as 

used i n  t h e  computer p r i n t o u t .  Figures  AP 5-1 through AP 5-32 r e p r e s e n t  

a g r a p h i c a l  p r e s e n t a t i o n  of p l o t s  ob ta ined  from the  programmed AA89 

computer p r i n t o u t .  

The t a b l e s  and f i g u r e s  p re sen ted  i n  t h i s  appendix are based upon 

acceptance f i r i n g  r e s u l t s  and engine t a g  va lues .  The engine t a g  

v a l u e s  are v a r i a b l e  f o r  S-IVB-204. Figure  5-33 p r e s e n t s  t h e  t a g  

v a l u e s ,  normalized t o  t h e  60 sec value.  
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TABLE AP .5-1 (Sheet  1 of 2) 
PREDICTED AS-204 PROPULSION SYSTEM PERFORMANCE PARAMETERS 

PARAMETER 

Average S tage  Long i tud ina l  
Thrus t  

Before  PU Valve Cutback 
A f t e r  PU Valve Cutback 

Average LOX Flowrate  
Before  PU Valve Cutback 
A f t e r  PU Valve Cutback 

Average LH2 Flowra te  
Before  PU Valve Cutback 
A f t e r  PU Valve Cutback 

Average S tage  Mass Flowra te  
Before  PU Valve Cutback 
A f t e r  PU Valve Cutback 

Average S tage  Long i tud ina l  
S p e c i f i c  Impulse 
Before  PU Valve Cutback 
A f t e r  PU Valve Cutback 

Engine T o t a l  Impulse* 

PU Valve Cutback T i m e  from ESC 

S t a r t  Impulse 
Cutoff  Impulse 

T i m e  from 90 p e r c e n t  T h r u s t  
t o  ECC* 

T o t a l  Deple t ion  Burntime* 
(ESC t o  ECC) 

Loaded P rope1  l a n  t s 
(LOX) 
( LH'2 ) 
(To ta l )  

Engine P rope  1 lant Consumption 
(90 p e r c e n t  t h r u s t  (LOX) 
t o  ECC)* (LH2) I 

(To ta l )  

UNIT 

l b f  

l b f  
l b  f 

lbm/sec 
lbm/sec 
lbm/sec 

lbm/sec 
lbm/sec 
lbm/ sec 

lbm/sec 
lbm/ s e c 
lbm/sec 

s e c  
sec 
sec 

lb-sec  

s e c  

lb-sec  
lb - sec  

sec 

s e c  

lbm 
lbm 
lbm 

lbm 
lbm 
lbm 

VALUE 

212 , 744.0 

223,313.0 
192,355.0 

419.7 
444.2 
372.4 

78.8 
80.2 
76.1 

498.5 
524.4 
448.5 

426.8 
425.8 
428.9 

9.7456 x l o 7  

305.0 

251,825.0 
36,797.0 

458.089 

461.389 

193 , 273.0 
37,440.0 

230 , 713.0 

192,248.0 
36,111.0 

228,359 e 0 

DISPERSION 

- +4,700 

+4,100 - +5,400 

- +16.0 
+7.6 

kii. 6 

- +1.9 
- +2.9 

+2.8 

+19.0 
+7.8 - +i4.  o 

- +7.3 
+2.3 - 
+2.8 

6 

+75 
-55 

230,000.0 

- 
h2.321 x 10 

+2,000.0 

- +16.0 

- +16.0 

- +2 , 165.0 
+419.0 

- +2:205.0 

- +2,153.0 
+404 0 

- +2:190.0 

REMARKS 

1 

2 
3 

1 

1 

1 

1 

1 

4 
5 

*As used i n  t h i s  t a b l e ,  ECC r e f e r s  t o  p r o p e l l a n t  d e p l e t i o n  eng ine  c u t o f f .  

16 December 1967 
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TABLE AP 5-1 (Sheet 2 of 2) 
PREDICTED AS-204 PROPULSION SYSTEM PERFORMANCE PARAMETERS 

NOTES : 
1. Determi’ned from 90 p e r c e n t  t h r u s t  bui ldup t o  ECC. Does n o t  

i n c l u d e  u l l a g e  r o c k e t  ope ra t ion .  

2.  During p e r i o d  when PU valve i s  a g a i n s t  t h e  LOX r i c h  s t o p .  

3. During p e r i o d  a f t e r  PU valve cutback u n t i l  ECC r ece ived  by 
t h e  engine.  

4. Determined f o r  t i m e  p e r i o d  of ESC t o  90 p e r c e n t  t h r u s t  
bu i ldup .  

5. Determined f o r  t i m e  p e r i o d  of ECC as monitored on t h e  
S-IVB s t a g e  u n t i l  t h r u s t  decay t o  zero. 

16 December 1967 
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TABLE AP 5-2, (Sheet 1 of 9)  

. COMPUTER PROGRAM AA89 
PREDICTED S-IV3 PROPULSION SYSTEM PERFORMANCE * 

L 1fnE 
L tZU8t  
1 t H k  
4 tYb1NC I S P  
5 C S U B k t V  
6 PLC 
I LP) 
8 t P Z  
Y I StJAAUA 

10 VIhUBU LKWOU 
II WSUEHt 
12 bbHR 
I3 ASUBH 

YOlll SJHF 
T T P S ' I R F  
P F P I  
T F P I  
SHl ISt l l t l  
YUlJ 1 I I d  
U 0 l l l i  F N  
T T F t l l  
TTFLHZ 
UFPUl 
TIM1 

UFDRI 
UU(I I 6 r,b 

k1)flTSIIHI 
Hsiimn 
vsu30 
uu PI1 
WUPU USLRLE 
wu IISL8l.f 
nu IN TANK 
YsilanT 
rixio ~ J V H  
Y O l I T f l V U  
VUVU1 
ORAL 

U t  L 
HSURF 
VSUBF 
WF PU 
WFFU USABLI 
YF USA8Lt 
11F. IN TANh 
USUHFT 

NOlITFVO 
NFYUT 
NSURV 
1 MP SUB 1 

F u i L  ovn 

1 
L 
J 

0. 71'0 
0.00 

U.IJ(10 
0.000 
l.bI27 
n.wo 
o .oon 

18/> . IC1 
U.UJ0 
H . 6 5 3  

329.825 
0.000 
0.UUO 

u.wo 
0.c0 

U.0bO 
0.OCU 
1.667 
0 .  uco 

1911.198 

8.655 

0.000 
0.000 

o.ocn 

u . w o  

3 ~ 9 . 8 ~ 3  

0.000 
4 0 . 1 4 0  
40.140 
164.640 

0.391 
U.250 
1.L8b 

34.163 
0 . L 1 4  

31.449 
0.000 

111. 189 

5.651 
3b.hUV 
36 .5Y1  
31.l i5l  

4 .3b l  
0 .  no0 
0. JHO 

37.hhU 
125.Zbh 

0.01m 
163.126 

O.C.i6 
0.266 

5.b51 
2725.Ub9 226.557 

1Yl160.568 
lY f760.727 
192680.725 

19327L.725 
u.000 
v.on0 
P.000 
0.000 

192905.725 

0.000 
487.774 

8573.1 I7 
360 15.922 
36258,363 
36422,363 
37390.351 
37438.351 

1.383 
0.000 
0.000 

295996.0 I 4  
0,000 

10 
11 
IL 
I 5  

0.000 
0.00 

0.000 
I s bU7 
0.0UO 
u.uL'0 
0.000 
0.000 
0.000 

310.000 
0.000 
U.JO0 

n .mo  
11.u00 

4u.000 
4I1.000 

1h4.660 
70.789 

u.3Y1 
U.250 
3 .111  

33.bBY 
0.000 

37.000 
0.000 

n.n,ir 
3h.hno 
36.hOl; 
37.850 

4.331 
n.oou 
0.380 

1 ~ 5 . 0 n r i  
o.oun 

162.860 
n.oon 
0.@00 

37.Nb0 

11, uno 

n.uoo 

2 2 6 . 5 5 5  
2125.071 

1917bl.000 
192bRL .Ut10 
192006.000 
1Y3273.000 

o.ono 
0 .000 
0,uoo 
u . 000 

0.000 
485.272 

8621.112 
o . m n  

0.000 
'10. 160 
40.160 

164,640 
70, I R 9  

u.391 
0.250 
3.311 

34.202 
0.313 

31.>13 
0.000 

5.4011 5.808 0.000 
36.000 221.557 487.770 
36.591 2725.069 8573.051 
37.X5I lY11bu.521 36015.331 
+ . i61  19176u.688 36257.757 
3.L1UO LY268O1B8b 56421.756 
n. ,no 192905,eab 37389.739 

31."60 1Y3272.686 37437.739 
125.304 o.ono 1.957 

0.000 0 . 000 0.000 
Ibl.Ih'+ u.000 0.000 

O . > Y Z  0.000 295995.422 
n . w s  o,noo 

. -. 
36260.000 
36424.000 
~ 7 3 9 2 . 0 ~ 0  
67b*o.non 

0.000 
0,000 
0.000 

295998.rron 
0.000 

b 
I 
W 
Y 

lU 
I 1  
1L 
13 

b 
Y 

10 
11 
12 
11 

I IJ.100 
0.00 

u.000 
il.000 
1.087 
O.000 
O.0bO 
u . UP0 
u.000 
8.650 

129.915 

0.UL0 
n.wu 

0,000 n.wm 
40.020 3b. 6110 
*I).OZO 36.600 

164.040 57,850 
70.189 4 . 3 6 1  

u.391 ?.noo 
0.250 O . ? U O  

I 2 5 .  r) 38 
n.nm o.noo 

b 2 .  b98 
11.nuo 
0.058 

3.136 37.db0 
33.YLd 

0.000 
226.557 

?725.070 
19 1 160 .H lB  
191 160.959 
19268U.959 
192905.959 
193272.059 

11. OIOO 
u.noo 
u.uno 
(I .  uno 

0.000 I 

a573.4t.n 1 
36017.500 4 
362bY.962 5 
36423.962. b 
37391.962 I 

487,782 L 

37439.962 b I 
o.non Y 
n.oon I l l  

0.000 19 

0.1100 I1 
295991.910 I L  

0 . 9 ~ 0  
0.LU 
0.01.0 
O.O@O 
1.6P7 
0.UPO 
0.000 

.91YS2Y6 
0.000 
b.556  

319.175 
0.01'0 
o.obn 

rl.uo0 
40.180 
4 0 . 1 8 0  

164.640 
7U.789 

0.391 
0.L50 
3.336 

34.241 
0.352 

77.577 
0.dOO 

5.965 
36. b(10 
36.59U 
37.851 

4.361 

0 . 4 8 0  
37.860 

1 2 5 . 3 4 2  
n.ooo 

163.202 
0.249 
0.341 

n . 1 1 ~  

5.965 
226.557 

2725.Ub9 
191160.486 
19176U.648 
192680.646 
192YO5.646 
193272.646 

n . ooo 
c.000 
o.uno 
0.000 

0 ,  no0 
487.766 

8572,920 
360 14.72 5 
36257.135 
db42l.lJ4 

37437.111 
2.545 

3 1 3 ~ .  I 12 

n.ooo 
o.uno 

295994.758 
0.000 

L 
3 
4 

10 
11 2 
1L 
I3 

_.. - 
31.064 11 
0.uoo 

I 
2 
4 

O . 2 L O  

O.DUO 
0 . 000 

n.oo 

1.687 
u.wn 
0.000 
0 * mco 
U.0UO 

3 L Y S Y 5 O  

u.uon 

8.050 

0.000 

0 . 000 
40.040 
411.040 

164.640 
70.789 

0.391 
0.250 
1.161 

33.967 
11.018 

37.128 
0.000 

n.nw 
3 h . t m i  

37, f I  50 
4 . 3 0 1  
0.1)00 
' I . 3 b 0  

31.860 
I25.I'Ib 

0. 00u 
102.936 

I1  * 000 
O.07b 

0. :IO0 
Jh.hOl1 
36.600 
J i .nzo  

4 . 3 6 1  
0.0uu 
0.3h0 

17.  Rhl! 
125.114 

0.111111 
I 6 2  .O I4 

0.11'1 

I . f l31 
1h.600 
Jb.599 

4 .961  
0.1IU1) 
0 .  J8U 

37. I/ 60 
125.i5L 

0.100 
1 6 3 . I t 1 1  

:l.P76 
.1.15L 

36.hU0 

o .nm 

91.851 

0,000 
22h.557 

191 1611.777 
19176LI.920 
1926811.920 
192905.Y20 
193272.97U 

0.1100 
0.000 

0 .000 

2775,070 

( I .  on0 

o.onu 
487.782 

8573.464 
3601 1.450 
36259 .914 
36423 e 9 14 

31*39.9?4 
0.<100 
0.000 

295997.R4Q 

3 r 3 9 1 . ~ 2 4  

0.000 

0 .  nnn 

487.783 
u . w 0  

8513.468 
3601 1.420 
36259.881 
36423 .bBb  

37439. C H I  

0.000 

293997.766 

3739 I . A n &  

0.000 

o . u w  

0.1100 

t.UU0 
4u. LOU 
4O.LUU 

164.640 
10.189 

0.391 
U.250 
3.361 

34.180 
0.391 

31.641 
0.0011 

6.111 
3b.6OD 
3b.590 
31.R51 
4. 3hl 
0.1100 
0.3trIl 

3 7. R 611 
l L5 .  380 

IJ.FO0 
1 6 3.74 11 

0.255 
0.310 

b . l  19 
Jb.C(!O 
36.5HY 
37.862 

4 . 3 b l  
0.000 
0. JHU 

37.abO 
125.Gl8 

0.UIJO 
1 6 3 .  L 7 8  

O . l b L  
0 . 4 1 8  

9 . 4 1 "  
36.60(' 
36.577 
37.852. 

+,361 
0.1100 
11. 16v 

37.Sb0 
I l 5 .  G5b 

ri . 
1 6 3 *  d l 6  

'1.393 
D.45b 

21.9'14 
36.600 
36.485 
37.R52 

4.J61 

U.3PO 
37.860 

1 L 5.491 

163.354 
'l.916 

n.nno 

o.nc.u 

0.494 

0.000 
487.762 

36014. I 0 3  
36256.497 
36420.497 

85.12.7ah 

37388.470 

0. [inn 

37436.470 
3.150 

295994.n14 0.000 

0.000 

4 
5 
6 
I 
8 
Y 

LU 
11 
IL 
13 

L 
L 
5 
4 
5 
6 
I 
U 
Y 
10 
11 
LL 
I5 

I 
i 
J 
4 
5 
6 
I 
U 
Y 

10 
11 
IL 
I5 

5 
6 
I 
LI 
Y 

1u 
1 1  
1L 
I5 

1 
L 
3 
4 
3 
6 
I 
8 
Y 

1u 
1 1  
I L  
15 

1 
1 
J 
4 
5 
h 
I 
b 
Y 

10 
I 1  
I I  
1 5  

1 
2 
3 

0.000 
0.000 
0 . P O 0  

0.300 
0.01) 

0.000 
0.OCO 
1 - 6 8 7  
U.0UO 
11.000 
0.OVU 

d.65U 
329.915 

0.000 
0.0C3 

0.400 
0 . 0 0  

0.000 
0.U~'U 
I . b E 7  

0.UOO 
6~17.66 I 

0.000 
8.650 

319.903 
0.000 
0.0u11 

o . vcn 

u . uon 

u.ou0 
40.010 
4U.ObO 

70.189 
U.1Yl 
U.L5O 
3.186 

34.0L16 
U. 117 

31.192 
0.UOO 

io*.t.40 

u.OOO 
22b. 557 

2725.010 
19116U.734 
191Ihu.88I  
1 VL 6 811. a8 1 
1 9 ~ ~ 0 5 . t t a i  
1 9 3 2 7 ~ . t 1 ~ 1  

0.000 
U.1100 
V.UOO 
0.uoo 

u.000 
40.220 
4 0 . 2 2 0  

I b 4 .  b4 1 
'10.789 

11.391 
0 . 2 5 0  
1.386 

34.319 
0.430 

11.705 
II . 000 

6.279 
2Lb.557 

27?> .(I68 
191160.402 
191160.570 
i92ba0.50a 
192905.568 

o.uno 
193272.56b 

u . 040 
I ) .  000 
0 . 000 

o.uon 
487.758 

8572.648 
36013.4bb 
36255.664 
36419.bG4 
37387.b12 
37435,812 

3.77n 
0 . 0 0 0  

o.noo 

o . m o  

0.000 
295993.379 

487.752 
8572.47') 

36012.669 
36255.027 
3b5191027 
37386.9119 
37434.989 

4 . 5 5 5  
o.nnu 
0.000 

295992.516 
0.000 

1 . n 3 i  

2 715. o ro 
226.557 

19116U.693 
191 7 W .  H I 2  
197680.842 
1 w ~ o 5 . w ~  
193~72.~112 

i,.uno 
0.0'0 
0.uoo 
u.on0 

0, DU(1 
481.783 

8473,451 

36259,756 
36423.757 
37391 .-I56 
31439.756 

0.092 
0.000 
0.000 

29599 7.598 

3 6 o i r . 7 9 1  

0.000 

u . 000 

4 0 . 0 H O  
IbQ. 640 

70. I 8 9  
10.391 
11.250 
3 .211  

3 4 . J 4 5  
0.156 

37.256 

*U.OLIO 

0.000 

1.Lc:) 
U.C3 

o . w n  
n.0c.o 

u , oon 

1.6P7 
O.@VO 

dlL5,2?7 
b . i)co 
8.661 

3LY.7110 
0 . L C O  
0.000 

1.3'11 

U.OOO 
4u .240  
41L.240 

164.641 
7U.789 

0.391 
U.L50 
3.411 

U.469 
37.769 

0.000 

34.358 

9.418 
220.557 

27L5.Ub8 
191160.159 
19176b.531 
192bBU.529 
192905.529 
193272.529 

rr.000 
0.000 
u.ono 
0 .  uno 

I 
2 
J 

0 .  >on 
0.00 

O.T)UO 
ll.UU0 
1.687 
u.uu0 
0.000 

1215.319 
0.OC.O 
8.651 

3L9.815 
O.Ot0 
0.000 

0. ooo 
40.100 
40.100 

166.640 
111. 189 
0.391 

3.236 
34.0W4 
0.195 

31.320 

0.250 

0.000 

7.h63 
36.600 
36.596 
37.851 

4 . 3 6 1  
o.oon 
0 . 7 ~ 0  

37.nw 
125.19u 

u.noo 
I63.1150 

n . i 5 j  
0.190 

1.663 
226.557 

2 725. U70 
19116u.652 
19116b.LIU5 
192680.803 
192Y05.8n3 

u.000 

11.0u0 
0.000 

1932-12 .an3 

o.ono . 

u.oun 
487.781 

8573.396 
3601b.986 
36259.447 
36423.446 
37391 . k r * 2  
,37439.442 
. 0.367 

D.l'UL1 
295997.242 

O.OO(, 

u.wn 

0.000 

40.260 
164.641 

7U.789 
J .391 
0.250 
3.436 

3*.397 
11.508 

17.833 
0.000 

40 .260  
21.974 

276.557 
2 7 2 5  .Ob8 

191160.318 
191760.492 
1926R0.490 

193272.490 

0.000 
0.000 
0.000 

1929n5.490 

0.000 

o.mo 
487.743 

8312.180 
3 6 0 1 1 ~ 1 U 6  
36253.437 
36417.432 
373115.38 37433.381 I 

6 .  125  
0.0uu 
0.000 

295990.871 
0.0u0 

u.00 
0.000 
0.000 
l.bb7 
a. oon 
0.000 

1 2 9 2 . 2 5 5  
O.Ud0 

' 8.665 
329. 6 I5 

O.OCO 
1 l . O C O  

4 
b 
6 
I 
b 
0 

l U  
11 
12 
13 

5 
6 
l 
0 
Y 

111 

.I1 
I 2  
I3 

I 0.600 ' 0.000 5.494 5.494 o.uon I 1.4,u u.000 30.99b 

6 4 . 6 4 0  37.851 191 lhO.b l f  36016.501 4 O.O?'l 164.641 37.852 

0.391 0.0011 1926E(l. 164 36422.954 b n.uvn l4.3Y1 ?.ritm 
u.2so O.Jh0  lV2905.164 37390.946 I o.ovn 0.250 0 .  360 

0.235 I1  .?UP u .u00 n.non IU d . b l l  0.547 0.11(10 

4(1.120 Jb.hO0 221.557 487.778 L 0.00 +i).Lao 36.h00 
40.120 4 h . 5 9 ~  2 1 ~ 9 . 0 6 9  8 5 r 3 . 2 9 ~  3 n.oon 40.280 36.314 

711. 189 4.3bl 1917611.766 36258.955 5 1.6(17 70.789 4.3bl 

3.Lbl 37.860 19327). I64 374381946 LI 10ZJ7.256 3.461 s 37.560 
34.123 125.27R 0.000 0.R7b 9 n.ow 34.436 125.532 

37.(197 163. JY2 37.389 167.utl'l U.UQ0 1.000 11 3 ~ 9 . 6 5 0  
11.000 0.229 0. U(10 295996.7Ol 12 O . L ' l O  0. DO0 1 .2Y3  

U.LL8 0.000 i j  r,.r)cn 0.532 

30.996 0.000 . 220.557 487.728 
2725,068 8571.714 

19116U.277 36008.486 
191760.453 36250.766 
1926110.451 36414.766 
192905.451 37382.hY4 
193271.451 37430.694 

0.000 8.774 

0.030 0.0<111 
0.000 295988.1fr5 

0.000 

0. 000 0.000 

t 
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TABLE AP 5-2 (Sheer 2 of 9 )  
PREDICTED S-IVB PROPULSION $YSTEM PERFORMANCE 
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I 3  

1 
L 
3 
't 

5 
b 
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1 .6b7  
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C . W U  

119 .550  
V . L , 3  
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I25.4Y8 

I I 3. I15 
l 4 l b 9 . 2 1 0  

n.wn 
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PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
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r' 5 198.3  7 3 

17672951.P75 

730h.235 73b2.699 
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16299b.L66 31031.669 
163198.C35 31957.584 
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tW.102 
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37.160 
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164.714 
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0.391 
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1865.~87 b050.041 
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126387.997 24441.734 
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525.6011 31.000 
17L.834 391.784 
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123097.399 2357'1.757 
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123381.023 $4719.148 
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122848.382 23801.662 

0.000 o.noo 
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525.596 31.001) 
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0.325 
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im.ooo 
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5.542 
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766.391 
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3 
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164.720 
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5.549 
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426.133 
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763.134 
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I I . 9 t 8  
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17928,862 
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4 
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5 a 
I 
8 
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42.207 
164,732 
70.714 
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'4.323 
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TABLE AP 5-3 (Sheet 1 of 3 )  
DEFINITION OF SYMBOLS USED WITH COMPUTER PROGRAM AA89 

PRINTOUT SYMBOL 

AS UMB 

CSUBFEV 

DEL 

DRAG 

EMR 

ENGINE ISP 

I FPS 

FSUBAUX 

FSUBE 

FUEL OVB 

GGMR 

HSUBF 

HSUBO 

IMPSUBT 

LP s 

O X I D  OVB 

PCC 

PFPI 

POP1 

RHOSUBF I 

~ 

DEFINITION 

S tage  ax ia l  a c c e l e r a t i o n ,  ( g ' s )  

Vacuum t h r u s t  c o e f f i c i e n t  

PU valve p o s i t i o n  (deg) 

Atmospheric r e s i s t a n c e  t o  t h e  motion of t h e  v e h i c l e  

T o t a l  engine  p r o p e l l a n t  mix ture  r a t i o .  
t h e  t o t a l  engine  LOX mass f l o w r a t e  t o  t h e  t o t a l  
engine  LH2 mass f l o w r a t e  

Engine s p e c i f i c  impulse ( sec )  engine  t h r u s t  d iv ided  
by engine  m a s s  f l o w r a t e  

LH2 pump speed (RPM) 

A u x i l i a r y  t h r u s t  ( l b f )  

S t age  t h r u s t  ( l b f )  

LH2 overboard (lbm) t h r u  engine  and vented 

G a s  gene ra to r  mixture  r a t i o  

Height  of LH2 above pump i n l e t  ( i n ) ;  computed from 
h e i g h t  v e r s u s  volume polynominal 

Height  of LOX above pump i n l e t  ( i n ) ;  computed from 
h e i g h t  v e r s u s  volume polynominal 

S t age  t o t a l  impulse ( l b f / s e c )  

LOX pump speed (RPM) 

LOX overboard (lbm) t h r u  engine and vented 

Thrus t  chamber p r e s s u r e  ( p s i a )  ( I n j e c t o r  s t a t i c  
p r e s  s u r e )  

The r a t i o  of 

LH2 pump i n l e t  p r e s s u r e ,  t o t a l  ( p s i a )  

LOX pump i n l e t  p r e s s u r e ,  t o t a l  ( p s i a )  

3 LH2 bu lk  d e n s i t y  ( lbm/ f t  ) ;  c a l c u l a t e d  from pump 
i n l e t  t empera ture  p l u s  a b i a s  

16 December 1967 
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TABLE AP 5-3 (Sheet  2 of 3)  
DEFINITION OF SYMBOLS USED WITH COMPUTER PROGRAM AA89 

PRINTOUT SYMBOL 

RHOSUBO 

TFP I 

TIME 

TOPI 

TTFHE 

TTFLH2 

TTMF 

TTMO 

TTOHE 

TTOLOX 

TTPSUBF 

TTPSUBO 

VSUBF 

VSUBO 

WDOTFBO 

WDOTFGG 

WDOTFPR 

WDOTFVO 

WDOTHE 

WDOTOBO 

WDOTOGG 

WDOTOVO 

WDOTSUBF 

DEFINITION 

3 LOX bu lk  d e n s i t y  ( lbm/ f t  ) ;  c a l c u l a t e d  from pump 
i n l e t  t empera ture  p l u s  a b i a s  

LH2 pump i n l e t  t empera ture  (deg R) 

T i m e  from S-IVB s t a g e  engine s tar t  ( sec )  

LOX pump i n l e t  t empera ture  (deg R) 

GHE i n  LH2 t ank  u l l a g e  (lbrn) 

GH2 i n  LH2 t ank  u l l a g e  (lbrn) 

T o t a l  mass i n  LH2 t ank  u l l a g e  (lbrn) 

T o t a l  m a s s  i n  LOX tank  u l l a g e  (lbm) 

GHE i n  LOX t-ank u l l a g e  (lbrn) 

GOX i n  LOX t ank  u l l a g e  (lbm) 

LH2 tank  top  p r e s s u r e  ( p s i a )  

Oxidizer  tank top  p r e s s u r e  ( p s i a )  

LH2 volume i n  tank ( f t  ) 

Oxidizer  volume i n  tank  ( f t  ) 

Rate of LH2 b o i l o f f  ( lbm/sec) 

G a s  gene ra to r  f u e l  f l o w r a t e  (lbm/sec) 

LH2 t ank  p r e s s u r a n t  f l o w r a t e  (lbm/sec) 

Rate of GH2 vented overboard (lbm/sec) 

3 

3 

LOX tank  p r e s s u r a n t  (GHe) f l o w r a t e  (lbm/sec) 

R a t e  of LOX boi1of.f ( lbm/sec)  

G a s  gene ra to r  LOX f l o w r a t e  (lbm/sec) 

R a t e  of GOX vented  overboard (lbm/sec). 

Engine f u e l  f l o w r a t e  (lbm/sec)s 

16 December 1967 
AP 5-15 



TABLE AP 5-3 (Sheet 3 of 3 )  
DEFINITION OF SYMBOLS USED WITH COMPUTER PROGRAM AA89 

~ ~ 

PRINTOUT SYMBOL 

WDOTSUBO 

WDOTSUBT 

WFBOT 

WF I N  TANK 

WFPRT 

WF PU 

WFPU USABLE 

WF USABLE 

WFVOT 

WOBOT 

WO I N  TANK 

wo PU 

WOPU USABLE 

WO USABLE 

WOVOT 

WS UB FT 

WSUBHE 

WSUBO ERROR 

WSUBOT 

WSUBV 

DEFINITION 

Engine o x i d i z e r  f l o w r a t e  (lbm/sec) 

T o t a l  p r o p e l l a n t  consumption, i n c l u d e s  a u x i l i a r y  
f lows  (lbm/sec) 

Accumulated LH2 b o i l o f f  (lbm) 

Weight of LH2 i n  tank (lbrn) 

Accumulated LH2 t ank  p r e s s u r a n t  (lbrn) 

PU i n d i c a t e d  LH2 weight  (lbm) 

PU i n d i c a t e d  usab le  LH2 weight  (lbm) 

Usable LH2 i n  tank  (lbm) 

T o t a l  GH2 vented  overboard (lbrn) 

Accumuiated LOX b o i l o f f  (lbm) 

Weight of LOX i n  t ank  (lbm) 

PU i n d i c a t e d  LOX weight  (lbm) 

PU i n d i c a t e d  usab le  LOX weight (lbrn) 

Usable LOX i n  t ank  (lbm) 

T o t a l  GOX vented overboard (lbrn) 

T o t a l  LH2 onboard (lbm) 

Weight of helium i n  co ld  hel ium sphe res  (lbm) 

Equiva len t  LOX weight e r r o r ,  de f ined  as LH2 weight  
(PU i n d i c a t e d )  t i m e s  r e f e r e n c e  mixture  r a t i o  of PU 
system, s u b t r a c t e d  from o x i d i z e r  weight  (PU ind i -  
c a t e d )  (lbrn) 

T o t a l  LOX onboard (lbm) 

T o t a l  weight  of S-IVB p l u s  payload (lbrn) 

4 
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DAC HAS PREDICTED THAT 
LH2 BOILOFF WILL BE ZERO 
FOR THE S-IVB-204 STAGE. 

Figure AP 5-26. T o t a l  LH2 Boiloff 

1 6  December 1967 

AX' 5-42 



40 0 

350 

30 0 

250 

200 

150 

100 

50 

0 
50 100 150 200 250 300 350 400 450 500 

TIME FROM 90% THRUST (SEC) 

Figure AP 5-27. LOX Tank Ullage Mass 

16 December 1967 
AP 5-43 



i 
I 
I 

450 

400 

350 

300 

250 

200 

150 
0 

Figure AP 5-28. LH2 Tank Ullage Mass 

50 100 150 200 250 300 350 400 450 500 

TIME FROM 90% THRUST (SEC) 

16 December 1967 
AP 5-44 



i i 
I--- 
L I 

r 
I 

1: 3: 
- jl: 

In 

! 

0 
0 
d 

0 
In 

0 
0 0 0 0 0 0 0 
0 m 0 m 0 In 0 a m m 3- 3 M M 

(33S/WSl) 31WMOld 

Q) 
c, 
rcl 
L s 
c 
L L  

c, 
E 
rcl 

0) 
P 

c 
F 

e 
n 
a, c 
cn 
S 
W 

.P 

cn 
N 
I 

Lo 

0, 
Q 

2 
3 cn 
LL 
*I-- 

16 December 1967 

AP 5-45 



18 

16 

14 

12 

n 
M 2 10 

8 

6 

4 

2 

0 

-2 

9 

? 

7 

6 

5 

4 

I 
4 

( 

TIME FROM 90% THRUST (SEC) 

Figure AP 5-30. Equivalent LOX Weight Error 

1 6  December 1967 

AP 5-46 



43 6 

434 

43 2 

430 
n u w cn 
W 

m 
-I 
3 

w 428 

9 
H 

426 
L L  

0 w a cn 

H 

424 

422 

42 ( 
4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 

ENGINE MIXTURE RATIO (LOX/LH2) 

Figure AP 5-31. S p e c i f i c  Impulse vs Engine M i x t u r e  R a t i o  

16 December 1967 
AP 5-47 



N 
0 

d 

d 
0 

I 
I 
I 

I 
I 
7- 

0 
0 

I 
I 
I 

. .  
m m  

y z  
-3 

N 2 

0 0 0  
O C O C J  
c o c D d  

W 

co 
0 

d 0 0 d 0 

0 
Lo 
M 

0 
N 
M 

0 
co 
N 

0 
3 
CJ 

0 
0 
CJ 

0 
Lo 
d 

0 
N 
rl 

0 co 

0 
3 

3 

n 
0 
W 
v, 
W 

n 

I 0 
0 

I- 
& 

m 
W 
Z 
n a 

3 

5 
2 
Y 

t 

LL 

H 
!- 

b 

1 6  December 1967 



APPENDIX6 = 
PROPELLANT UTILIZATION DATA = 



6. PROPELLANT UTILIZATION DATA 

This  appendix p r e s e n t s  t h e  d a t a  r e q u i r e d  f o r  S-IVB s t a g e  p r o p e l l a n t  

l oad ing  as w e l l  as d a t a  f o r  f l i g h t  c o n t r o l  and eva lua t ion .  The propel-  

l a n t  loading requirements f o r  t h e  S-IVB-204 s t a g e  are summarized i n  

t a b l e  AP 6-1. 

performance p r e d i c t i o n s  (appendix 5)  and on a programmed mixture  r a t i o  

mode of o p e r a t i o n  w i t h  d e p l e t i o n  c u t o f f .  

These requirements are based on t h e  S-IVB f i n a l  p ropu l s ion  

P r o p e l l a n t  u t i l i z a t i o n  (PU) system c a l i b r a t i o n  d a t a  i s  p resen ted  i n  

t a b l e  AP 6-2. F igu re  AP 6-1 i s  a block diagram of t h e  S-IVB-204 PU 

system. The motor, b r i d g e ,  and feedback shaping network dynamics have 

been omit ted as t h e i r  e f f e c t  on o v e r a l l  system response i s  n e g l i g i b l e .  

The e s t ima ted  PU a n a l y s i s  a c c u r a c i e s  f o r  ground loading and f l i g h t ,  

based on the  i n f l i g h t  mass c h a r a c t e r i s t i c s  (appendix 2 ) ,  are p resen ted  

i n  t a b l e  AP 6-3; t a b l e  AP 6-4 p r e s e n t s  e s t ima ted  f l i g h t  p r o p e l l a n t  

r e s i d u a l  accu rac i e s .  

Tabu la t ions  of t h e  LH2 and LOX tank unique volume ve r sus  h e i g h t  d a t a  

during ground load ing ,  based on t ank  measurement da t a ,  are p resen ted  i n  

t a b l e s  AJ? 6-5 and AP 6-6. The p r e d i c t e d  LOX and LH2 level h i s t o r i e s  

f o r  f l i g h t  are shown i n  f i g u r e  AP 6-2. 

Mass s e n s o r  n o n l i n e a r i t i e s  r e s u l t i n g  from tank-to-sensor mismatch 

i n c l u d i n g  mass s e n s o r  manufacturing n o n l i n e a r i t i e s  are p resen ted  i n  

f i g u r e  AP 6-3 f o r  b o t h  t h e  flow i n t e g r a l  and volumetr ic  c a l i b r a t i o n s .  

These c o r r e c t i o n s  are based on acceptance f i r i n g  d a t a  and 'unique t ank  

measurements. The flow i n t e g r a l  n o n l i n e a r i t i e s  were used i n  t h e  

p r e d i c t i o n s  p re sen ted  i n  t h i s  r e p o r t .  

P r e d i c t e d  mass c o r r e c t i o n s  f o r  f l i g h t  dynamics e f f e c t s  are p resen ted  i n  

f i g u r e  AP 6-4. These c o r r e c t i o n s  compensate f o r  tank geometry changes 

caused by v a r i a t i o n s  i n  tank s k i n  temperature ,  v e h i c l e  a c c e l e r a t i o n ,  and 

d i f f e r e n t i a l  tank p r e s s u r e s .  

c o r r e c t i o n s  f o r  v e h i c l e  tilt caused by cg o f f s e t .  

F igu re  @ 6-5 p rov ides  t h e  f l i g h t  

The a c t u a l  p r o p e l l a n t  mass onboard i s  determined by adding t h e  

a p p r o p r i a t e  c o r r e c t i o n s  t o  t h e  i n d i c a t e d  mass values .  During load ing  
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o p e r a t i o n s ,  tank-to-sensor mismatch and manufacturing n o n l i n e a r i t i e s  

are added t o  t h e  i n d i c a t e d  value.  During powered f l i g h t ,  tank-to-sensor 

mismatch, manufacturing n o n l i n e a r i t i e s ,  f l i g h t  dynamics, and v e h i c l e  

t i l t  c o r r e c t i o n s  must a l l  be added t o  determine a c t u a l  mass. 

Figure AP 6-6 p r e s e n t s  t h e  t o t a l  p r e d i c t e d  mass s e n s o r  c o r r e c t i o n s  f o r  

f l i g h t  u s ing  both t h e  flow i n t e g r a l  and volumetr ic  c a l i b r a t i o n  r e s u l t s .  

Again i t  should be po in ted  out  t h a t  t h e  flow i n t e g r a l  values  were used 

i n  t h e  p r e d i c t i o n s  p re sen ted  i n  t h i s  r e p o r t .  The volumetr ic  d a t a  w i l l  

be used i n  conjunct ion w i t h  the  s t a g e  and i n t e r s t a g e  weight and balance 

logs,  t o  p rov ide  v e h i c l e  mass e v a l u a t i o n  w i t h i n  24  h r  a f t e r  launch. 

A P S  f u e l  and o x i d i z e r  loading requirements a r e  p re sen ted  i n  

f i g u r e  AP 6-7. 
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TABLE AP 6-2 (Sheet  1 of 3) 
PROPELLANT UTILIZATION CALIBRATION DATA 

PROPELLANT LEVEL 

LOX MASS SENSOR (E121 

Helium C a l i b r a t i o n  P o i n t  ( 1) 

A i r  C a l i b r a t i o n  P o i n t  (GN2) 

Probe Bottom (Cryogenic) 

Empty C a l i b r a t i o n  P o i n t  

F u l l  C a l i b r a t i o n  P o i n t  

Probe C a l i b r a t i o n  P o i n t  

(2) 

F u l l  Load (P res su r i zed )  (3)  

F u l l  Load (Unpressurized)  (4) 

Reference Mixture Ra t io  
C a l i b r a t i o n  P o i n t  

CAPACITANCE 
(Pf) 

282.75 

282.85 

282.23 

280.38 

404.94 

408.65 

412.48 

412.92 

400.03 

MAS s 
( Ibm) 

2,040 

2 , 187 

1,270 

-1,463 

182 , 157 

187,633 

193 273 

193,273 

174,931 

COARSE MASS 
RATIO 

0.01762 

0.01836 

0.01375 

0.0 

0.92347 

0.95101 

0.97937 

0.98267 

0.88713 

FINE MASS 
RATIO ( A )  

Tap +0.01726 

Tap +0.01799 

Tap +0.01347 

Tap 

Tap +0.90500 

Tap +0.93199 

Tap +0.95979 

Tap +0.96302 

Tap +0.86938 

The above d a t a  are v a l i d  only  when probe i s  immersed i n  GHe a t  ambient room 
cond i t ions .  

NOTES : 

(1) When LOX tank  i s  empty of p r o p e l l a n t  and f i l l e d  only wi th  GHe a t  one 

(2) 

atmosphere. 

The d e l t a  capac i t ance  ( f u l l  c a l i b r a t i o n  p o i n t  minus t h e  helium c a l i b r a -  
t i o n  p o i n t )  i s  122.19 p f ,  which Ps equa l  . t o  a coa r se  mass r a t i o  (CMR) 
of 0.92347 and a LOX mass of 182,157 lbm. 

(3) The load ing  computer (L/C) w i l l  be programmed t o  load  t o  a CMR of 
0.97937, which i s  equal  t o  a LOX mass of 193,273 lbm ( p r e s s u r i z e d ) .  
The maximum accep tab le  d e v i a t i o n  from t h e  nominal load i s  k0.5 p e r c e n t ;  
i .e . ,  a minimum CMR of 0.97447 and a maximum of 0.98427.'- 

The L/C w i l l  be  programmed t o  load  t o  a CMR of 0.98267, which i s  equal  
t o  a LOX mass of 193,273 lbm (unpres su r i zed ) .  
- +0.5 percen t  of t h e  d e s i r e d  load  w i l l  y i e l d  a minimum CMR of 0.97776 
and a maximum of 0.98758.. 
t h e  i n i t i a l  100 percen t  va lue  f o r  t h e  KSC p r o p e l l a n t  loading  test. This  
va lue  was based upon d a t a  ob ta ined  from t h e  AS-201 and AS-203 p r o p e l l a n t  
loading  tes ts  and launch countdowns. 
(unpressur ized)  may be  r equ i r ed  a f t e r  t h e  AS-204 CountdaJn Demonstration 
Test. 

(4) 
An L/C t o l e r a n c e  of 

The nominal CMR of 0.98267 w i l l  be used as 

Add i t iona l  adjustments  to t h e  .CMR 

1 6  December 1967 

AP 6-5 



TABLE AP 6-2 (Sheet  2 of 3) 
PROPELLANT UTILIZATION CALIBRATION DATA 

PROPELLANT LEVEL 

LH2 MASS SENSOR (E-6) 

(5) Helium C a l i b r a t i o n  P o i n t  

A i r  C a l i b r a t i o n  P o i n t  (GN2) 

Probe Bottom (Cryogenic) 

Empty C a l i b r a t i o n  P o i n t  

F u l l  C a l i b r a t i o n  P o i n t  

Probe C a l i b r a t i o n  P o i n t  

(6) 

F u l l  Load (P res su r i zed )  (7) 

F u l l  Load (Unpressurized)  (8) 

Reference Mixture Ra t io  
C a1 i b  ra t  i on P o i n t  

CAPACITANCE 
(Pf)  

971.53 

971.73 

972 e 27 

972.90 

1,152.63 

1,149.84 

1,153.02 

1,154.23 

1,152.63 

54 

95 

206 

336 

37,359 

36 , 785 

37,440 

37,690 

37,359 

COARSE MASS 
RATIO 

-0.00703 

-0.00601 

-0.00323 

0.0 

00.92347 

0.90915 

0.92549 

0.93173 

0.92347 

FINE MASS 
RATIO (A) 

Tap -0.00689 

Tap -0.00589 

Tap -0.00317 

Tap 

Tap +0.90500 

Tap +0.89097 

Tap +0.90698 

Tap +0.91309 

Tap +0.90500 

The above d a t a  are v a l i d  only  when probe i s  immersed i n  GHe a t  ambient room 
cond i t ions .  

When LH2 tank  i s  empty of p r o p e l l a n t  and f i l l e d  on ly  w i t h  GHe a t  one 
atmosphere. 

The d e l t a  capac i t ance  ( f u l l  c a l i b r a t i o n  p o i n t  minus t h e  helium c a l i b r a -  
t i o n  p o i n t )  i s  181.10 p f ,  which i s  e q u a l  t o  a coa r se  mass r a t i o  (CMR) 
of 0.92347 and an LH2 mass o f  37,359 lbm. 

The loading  computer (L/C) w i l l  be programmed t o  load  t o  a CMR of  
0.92549, which i s  e q u a l  t o  an LH2 mass of 37,440 lbm (p res su r i zed ) .  
The maximum accep tab le  d e v i a t i o n  from t h e  nominal load  i s  k0.5 p e r c e n t ;  
i . e . ,  a minimum CMR of 0.92086 and a maximum of  0.93012. 

The L/C w i l l  be programmed t o  load  t o  a CMR of 0.93173, which i s  equa l  
t o  an LH2 mass of 37,690 lbm (unpres su r i zed ) .  
- +0.5 pe rcen t  of t h e  d e s i r e d  load  w i l l  y i e l d  a minimum CMR of 0.92707 and 
a maximum of 0.93639. 
i n i t i a l  100 pe rcen t  v a l u e  f o r  t h e  KSC p r o p e l l a n t  loading  tes t .  This  
va lue  w a s  based upon d a t a  obta ined  from t h e  AS-201 and AS-203 p r o p e l l a n t  
loading  tes ts  and launch countdowns. Add i t iona l  adjustments  t o  t h e  CMR 
(unpressur ized)  may be  r e q u i r e d  a f t e r  t h e  AS-204 Countdown Demonstration 
Test . 

An L/C t o l e r a n c e  of 

The nominal CMp of 0.93173 w i l l  be  used as t h e  
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TABLE AP 6-2 (Shee t  3 of 3) 
PROPELLANT UTILIZATION CALIBRATION DATA 

MASS AND CAPACITANCE REDUCTION FORMULAE 

LOX Mass A = A(202,895) -5,521 

LH2 Mass A = A(40,910) -483 

LOX Capaci tance  = A(137.63) +277.62 

LH2 Capaci tance  = A(198.59)+968.93 

LEG 
20 A = - = F i n e  Mass R a t i o  

LEG = T o t a l  i n t e g r a l  number p l u s  f r a c t i o n a l  p a r t  of f i n e  

mass LEGS t r a v e r s e d  expres sed  as a decimal.  

Example: LEG = 18.49 i n d i c a t e s  t h a t  18 f u l l  LEGS have 

been t r a v e r s e d  p l u s  49/100 of t h e  n i n e t e e n t h  LEG. 

REFERENCE MIXTURE RATIO ADJUSTMENT TO 4.7 

a. C a l i b r a t e  b r i d g e s  as shown i n  t a b l e  

b .  P u t  i n  aC = 181.10 pf on LH2 b r i d g e  

c. P u t  i n  AC = 122.19 pf on LOX b r i d g e  

d. Ad jus t  b i a s  p o t e n t i o m e t e r s  f o r  0.000 iO.01  v o l t s  a t  
t h e  empty c a l i b r a t i o n  p o i n t  and w i t h  t h e  above A C ' s  

i n  t h e  b r i d g e s .  
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TABLE AP 6-3 
ESTIMATED PU ANALYSIS ACCURACIES 

ITEM 

1. 

2. 

3 .  

4 .  

5 .  

~~ 

DESCRIPTION 

P r e d i c t e d  accu rac i e s  of 

l e v e l  s enso r s  

P r e d i c t e d  accuracy of PU 

mass senso r  a t  l e v e l  

s enso r  a c t i v a t i o n  

Probable d e v i a t i o n  be tween 

l e v e l  s enso r  and PU mass 

senso r  (RSS of items 1 

and 2) 

P r e d i c t e d  accuracy of 

p r o p e l l a n t  r e s i d u a l s  a t  

ECC as determined by 

i n d i v i d u a l  l e v e l  s enso r  

Probable dev i  a t i o n  be tween 

mass senso r  and level 

s e n s o r  determined 

r e s i d u a l s  a t  ECC (RSS of 

i t e m  4 and i t e m  1 i n  

t a b l e  AP 6-4 )  

TEST 

FLIGHT 

CDDT* 

FLIGHT 

and 

CDDT 

FL I GHT 

CDDT 

FLIGHT 

FL I GHT 

LEVEL SENSOR NO.  

LO006 

470 

344 

500 

686 

574 

493 

695 

LO005 

330 

235 

490 

5 9 1  

455 

335 

594 

LEVEL SENSOR NO. 

NO032 

88 

7 8  

137 

163 

139 

98 

179 

LO002 

49 

42 

130 

158 

92 

47 

158 

* Countdown demonstrat ion t e s t  (CDDT) p r e d i c t i o n s  are v a l i d  only i f  
p r o p e l l a n t  i s  maintained a t  a minimum o f , 2  deg R below s a t u r a t i o n  and a t  
nominal tank p r e s s u r i z a t i o n .  

1 6  December 1967 
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HEIGHT 
(In.  1 

0 

2 

4 

6 

8 

10 

12 

14  

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 

58 

TABLE AP 6-5 
SATURN S-IVB-204 VOLUME VERSUS HEIGHT 

LOX TANK - GROUND LOADING CONDITION 

VOLUME 
( F t  a 3) 

0.000 

0.736 

3.440 

8.108 

14.578 

22.805 

32,790 

44.412 

57.834 

72.787 

89.360 

107.625 

127.354 

148.716 

171.483 

195.726 

221.515 

248.622 

277.217 

307.055 

338.216 

370.728 

404.462 

439 * 439 

475.630 

513.056 

551 688 

591.346 

632 201 

674.025 

HEIGHT 
( In . )  

60 

62 

64 

66 

68 

70 

72 

74 

76 

78 

80 

82 

84 

86 

88 

90 

92 

94 

96 

98 

100 

102 

104 

106 

108 

110 

112 

114 

116 

118 

VOLUME 
(Ft .3)  

716.889 

760.763 

805.617 

851.474 

898.204 

945.828 

994.367 

1 , 043.69 

1,093.88 

1,144.78 

1 , 196.44 

1,248.85 

1,301.91 

1,355.66 

1,410.02 

1,464.46 

1,518.28 

1,571.44 

1,623.84 

1,675.61 

1,726.63 

1,776.78 

1,826.24 

1,874.77 

1,922.54 

1,969.43 

2,015.30 

2,060.33 

2,104.29 

2,147.35 

HE I GHT 
( I n . )  

120 

122 

124 

126 

128 

130 

132 

134 

136 

138 

140 

142 

144 

146 

148 

150 

152 

154 

156 

158 

160 

162 

164 

166 

168 

170 

172 

174 ~ 

176 

VOLUME 
( F t .  3, 

2,189.37 

2,230.23 

2,270.10 

2,308.74 

2 , 346.36 

2,382.79 

2,417.90 

2,451.90 

2,484.49 

2,515.93 

2,546.05 

2,574.68 

2,602.07 

2,627.89 

2,652.43 

2,675.51 

2,696.93 

2,716.98 

2,735.32 

2,752.24 

2,767.54 

2,781.03 

2,793.02 

2,803.15 

2,811.71 

2,818.52 

2,823.33 

2,826.54 

2,827.79 

NOTE: Height  i s  the d i s t a n c e  above the LOX tank reference s t a t ion  156.416. 
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HEIGHT 
( In .  1 

0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 

30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 

TABLE AP 6-6 (Sheet 1 of 3) 
SATURN S-IVB-204 VOLUME WRSUS HEIGHT 

LH2 TANK - GROUND LOADING CONDITION 

VOLUME 
(Ft.3) - 

0.00 
0.00 

0.23 
2.72 
6.75 
12.03 
18.63 
26.23 

35.02 
45.00 
56.18 
68.56 
82.12 
96.88 
112.83 
129.98 
148.92 
168.46 
189.18 
211.11 
233.93 
257.92 
283.15 
309.67 
337.49 
366.64 
397.96 
429.87 
463 e 20 
497 e 98 

HEIGHT 
(In. 1 

60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
82 
84 
86 
88 
90 
92 
94 
96 
98 
100 
102 
104 
106 
108 
110 

112 

114 
116 
118 

VOLUME 
(Ft. 3, 

534.25 
572.02 
611.33 
652.21 
694.68 
738.78 
785.64 
833.08 
882.23 
933.13 
985.79 

1,040.26 
1,096.55 
1,154.71 
1,214.64 
1,275.00 
1,335.87 
1,396.23 
1,456.54 
1,516.95 
1,577.31 
1,637.67 
1,698.03 
1 , 758.38 
1,818.75 
1,879.12 
I ,‘939.78 
2 , 000.14 
2,060.50 
2,120.86 

HEIGHT 
(In.) 

120 
122 
124 
126 
128 
130 
132 

134 
136 
138 
140 
142 
144 
146 
148 
150 
152 
154 

15 6 
158 
160 
162 
164 

166 
168 
170 
172 

174 - 
176 
178 

VOLUME 
(Ft.3) 

2,181.22 
2,241.58 
2,301.94 
2,362.30 
2,422.66 
2,483.03 
2,543.69 
2 , 604.05 
2 , 664.41 
2,724.77 
2,785.13 
2,845.49 
2,905.85 
2,966.21 
3,026.58 
3,086.94 
3,147.60 
3,207.96 
3,268.32 
3,328.78 
3,389.04 
3,449.40 
3,509.76 
3,570.12 
3,630.49 
3,690.85 
3,751 -51 
3,811 e 88 
3,872.23 

3,932.59 

NOTE: Height is the distance above the LH2 tank reference station 248.574. 
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HEIGHT 
( I n . )  

180 

182 

184 

186 

188 

190 

192 

194 

196 

198 

200 

202 

204 

206 

208 

210 

212 

2 14 

216 

218 

220 

222 

224 

226 

228 

2 30 

232 

234 

236 

238 

NOTE : 

TABLE AP 6-6 (Sheet 2 of 3 )  
SATURN S-IVB-204 VOLUME VERSUS HEIGHT 

LH2 TANK - GROUND LOADING C O N D I T I O N  

VOLUME 
( F t .  3,  

3,992.95 

4 , 0 5 3 . 3 1  

4,113.67 

4 , 174.03 

4 ,234 .40  

4,294.76 

4 ,355 .42  

4 ,415 .78  

4 ,476 .14  

4 ,536 .50  

4,596.86 

4 ,657 .22  

4 ,717 .58  

4,777.95 

4 , 8 3 8 . 3 1  

4,898.67 

4 ,959 .33  

5,019.69 

5 ,080 .05  

5 , 1 4 0 . 4 1  

5,200.67 

5 ,260 .65  

5 I 320.40 

5,379.98 

5,439.46 

5 ,498 .88  

5 , 5 5 8 . 6 1  

5 , 6 1 8 . 1 1  

5 ,677 .72  

5 ,737 .52  

HEIGHT 
( I n .  1 

240 

2 42 

244 

246 

248 

250 

252 

254 

256 

258 

260 

262 

264 

266 

268 

270 

272 

274 

276 

278 

280 

282 

284 

286 

288 

290 
292 

294 

296 

298 

VOLUME 
(F t .3 )  

5 ,797 .56  

5 , 857.86 

5 , 9 1 8 . 2 2  

5 ,978 .58  

6 , 0 3 8 . 9 4  

6 , 0 9 9 . 3 1  

6 ,159 .97  

6 ,220 .33  

6 ,280 .69  

6 ,341 .05  

6 ,401 .41  

6,461.77 

6 ,522 .13  

6,582.49 

6 , 642.85 

6 ,703 .22  

6 ,763 .88  

6 , 8 1 6 . 9 3  

6 ,876 .88  

6,936.62 

6 ,996 .19  

7,055.66 

7 , 1 1 5 . 0 8  

7 ,174 .51  

7 ,234 .02  

7 ,293 .65  

7,333.76 

7 ,413 .82  

7 , 4 7 4 . 1 4  

7 , 5 3 4 . 5 1  

HE I GHT 
( I n . )  

300 

302 

304 

306 

308 

310 

312 

314 

316 

318 

320 

322 

324 

326 

328 

330 

332 

334 

336 

338 

340 

342 

344 

346 

348 

350 

35 2 

354 

35 6 

358 

VOLUME 
( F t .  3,  

7 ,594 .83  

7 , 654 .91  

7 ,714 .74  

- 

7 ,774 .37  

7 , 834.09 

7 ,893 .90  

7,954.05 

8 ,013 .78  

8 ,073 .50  

8 , 133.26 

8,193.07 

8,252.97 

8,312.79 

8,372.36 

8,431.66 

8,490.65 

8,549.70 

8,607.99 

8,665.89 

8,723.37 

8,780.39 

8 ,836 .94  

8,892.97 

8 , 948 e 47 

9 ,003 .40  

9,057.73 

9 , 111.84 

9 ,164 .89  

9 ,217 .26  

9 , 2 6 8 . 9 1  

Height  i s  t h e  d i s t a n c e  above t h e  LH2 rank r e f e r e n c e  s t a t i o n  248.574. 
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i 

i 

HEIGHT 
( In .  1 

360 

362 

364 

366 

368 

370 

372 

374 

376 

378 

3 80 

382 

384 

386 

388 

390 

392 

394 : 

396 

398 

400 

402 

404 

406 

408 

410 

412 

414 

416 

418 

NOTE : 

T M L E  AP 6-6 (Sheet  3 of 3 )  
SATURN S-IVB-204 VOLUME VERSUS HEIGHT 

LH2 TANK - GROUND LOADING CONDITION 

VOLUME 
( F t .  3,  

9 ,319 .82  

9,369.96 

9 ,419 .30  

9 ,467 .81  

9,515.47 

9 ,562 .23  

9,608.28 

9 ,653 .18  

9 ,697 .11  

9 , 740.04  

9 ,781 .93  

9,822.75 

9 ,862 .49  

9 , 901.11 

9,938.57 

9 ,974 .87  

10,010.1 

10,044.0  

10,076.5 

10,107.7 

10 ,137 .8  

10,164.4 

10 ,193 .6  

10 ,219 .4  

10,243.8 

10,266.7 

10,288.5 

10 ,308 .4  

10 ,326 .7  

10 ,343 .5  

HEIGHT 
(In.) 

420 

42 2 

424 

426 

428 

430 

432 

434 

436 

HEIGHT VOLUME VOLUME 
(Ft .3)  ( In . )  ( F t  . 3 ,  

10,358.6 

10 ,372 .1  

10,383.9 

10,394.0 

10 ,402 .3  

10,408.9 

10,413.8 

10,416.8 

10 ,417 .9  

H e i g h t  i s  the  distance above t h e  LH2 tank reference s t a t i o n  248.574.  

16 D e c e m b e r  1967 
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TIME FROM LIFTOFF (SEC) 

500 E 10 

Figure AP 6-2. Predicted Propellant Level Histories (Sheet 1 o f  2 )  
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Figure AP 6-2. Predicted Propellant Level Histories (Sheet 2 o f  2 )  
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0 4 8 12 16 20 24 28 32 36 40 44 

TOTAL LH2 MASS (1,000 LBM) 

Figure AP 6-3. Tank t o  Sensor Mismatches Including Manufacturing 
Nonlinearities (Sheet 2 o f  2 )  
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7. PREDICTED SEPARATION AND CONTROL PERFORMANCE 

7.1 General 

This appendix contains predicted control performance curves (figures AP 7-1 
through AP 7-3),  predicted preflight control transient simulations (figure 

AP 7-4), and predicted stage separation (figures AP 7-5 and AP 7-6) e 

7.2 

Body attitude transients of varying magnitude are expected following 

S-IB/S-IVB separation, active guidance initiation and introduction to 

Chi Tilde guidance mode. The results of a digital control simulation 

program during these flight periods include graphical presentations of 

attitude errors, APS and engine deflection histories (figure AP 7-4) .  

The simulation program solves the three rotational degrees of freedom 

vehicle equations of motion; including main engine control system equations 

(with servo-loop nonlinearities), roll control system equations, representing 

aerodynamic forces, propellant sloshing forces, ullage rocket and main engine 

thrust vector misalignments. 

Predicted Preflight Control Transient Simulations 

16 December 1967 
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Figure AP 7-1. Propellant Slosh Frequency 
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Figure AP 7-5. AS-204 S-IB/S-IVB Predicted Separation History 
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8. ADDITIONAL PREDICTED PERFORMANCE DATA 
i 

This appendix presents a d d i t i o n a l  p red ic t ed  performance d a t a  and design 

performance levels. 

F igure  AP 8-1 p r e s e n t s  p r e d i c t e d  S-IVB-204 h y d r a u l i c  system ope ra t ing  levels, 

which are based upon acceptance f i r i n g  da ta .  

show t h e  forward and a f t  p red ic t ed  b a t t e r y  load p r o f i l e s  based on the  S-IVB-204 

acceptance f i r i n g  performance. Figure AP 8-6 d e p i c t s  t he  p red ic t ed  envelopes 

of composite v i b r a t i o n  and a c o u s t i c  levels f o r  t h e  S-IVB-204 s t a g e  dur ing  

f l i g h t .  These p r e d i c t i o n s  were based on d a t a  from p a s t  Sa turn  I B  f l i g h t s  and 

S-IVB acceptance f i r i n g .  

h i s t o r y  is presented  i n  f i g u r e  AP 8-7. 

from t h e  wind tunne l  tests of a s e c t i o n  of t he  forward s k i r t .  

The d a t a  a c q u i s i t i o n  system performance levels inc lude  t h e  fol lowing:  

F igures  AP 8-2 through AP 8-5 

A p r e d i c t e d  envelope of t h e  dynamic peak s t r a i n  t i m e -  

This  p r e d i c t i o n  was based on the  r e s u l t s  

a. Radio Frequency 

1. 

2. 

3. 

4. 

The s i g n a l  s t r e n g t h  of each RF l i n k  s h a l l  be g r e a t e r  than f i v e  

microvol t s  a t  t h e  r e c e i v e r  of one o r  more ground s t a t i o n s .  The 

t i m e  s h a l l  be from a c q u i s i t i o n  a t  any s t a t i o n  t o  l o s s  of s i g n a l  

a t  t h a t  s t a t i o n .  

The ou tpu t  of a l l  RF a m p l i f i e r s  s h a l l  be 25 w a t t s  minimum under 

a l l  o p e r a t i v e  and environmental  condi t ions .  

The RF i n s e r t i o n  l o s s  between t h e  power a m p l i f i e r  ou tput  and t h e  

i n p u t  t o  any of t h e  app l i cab le  antennas s h a l l  no t  exceed 8 db. 

The VSWR as computed from forward and r e f l e c t e d  power of t h e  

antenna elements ,  s h a l l  no t  exceed 1 . 7 : l .  

b .  Accuracy of FM/FM t e lemet ry  systems Nos. 1, 2,  3 and SSB/FM system 

1. Each VCO c e n t e r  frequency and bandedge frequency at  t h e  c a l i b r a t i o n  

p o i n t s  should be 5 5  pe rcen t  as compared t o  ground c a l i b r a t i o n .  

Amplitude of t h e . c a l i b r a t i o n  s i g n a l  f o r  each channel of t h e  SSB/FM 

system should  be 215 percent  as compared t o  t h e  ground c a l i b r a t i o n .  

2. 
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c. Accuracy of PAM/FM/FM and PCM/FM 

1. Cor re l a t ion  of PAM and PCM d a t a  s h a l l  be wi th in  t h r e e  

percent .  

d e  I n f l i g h t  Tape Recorder 

1. 

2. 

3 .  

The t a p e  r eco rde r ,  f a s t - r eco rd  and playback speed s h a l l  

become s t a b i l i z e d  t o  design t o l e r a n c e  w i t h i n  4 s e c  a f t e r  

t urn-on 

Wow and f l u t t e r ,  a f t e r  s t a b i l i z a t i o n  of t a p e  speed s h a l l  

be  w i t h i n  t h e  des ign  t o l e r a n c e  of 1 percen t ,  root-mean- 

square  (RMS) of mean speed under any and a l l  environ- 

mental  cond i t ions  encountered 

Recovered recorded d a t a  a f t e r  t ape  speed compensation s h a l l  

agree  wi th  real t i m e  d a t a  wi th in  t h e  t o l e r a n c e :  

1.5 pe rcen t  of f u l l  'scale 

0.5 pe rcen t  of f u l l  s c a l e  

3.0 percent  of f u l l  s c a l e  

FM/FM 

PAM/ FM/ FM 

PCM/FM 
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9. RADIO FREQUENCY ALLOCATION 

The fo l lowing  r a d i o  f r equenc ie s  are used f o r  S-IVB t e l eme t ry  and range 

s a f e t y  transmitters: 

USAGE 

SSB/FM 

PCM/FM 

PAM/FM No. 1 

PAM/FM No. 2 

PAM/FM No. 3 

Secure Range Sa fe ty  

~~ ~ 

FREQUENCY 

226.2 Mc 

232.9 Mc 

258.5 M c  

246.3 Mc 

253.8 M c  

450 Mc 
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ABBREVIATION 

AA8 9 

AA83 

AACS 

AB77 

AB79 

ac 

AC77 

AGC 

amp 
ANT 

APS 

AS 

AS C 

-- 

-- 

BDA 

cg 
CIF 

CMR 
-- 

O C  

TABLE A€" 10-1 
GLOSSARY AND 

(Sheet 1 of 9) 
ABBREVIATIONS 

Average Mixture r a t i o  

Average t h r u s t  o r  
s p e c i f i c  impulse 

Composite d a t a  
(acous t i c  and 
v i b r a t i o n )  

DEFINITION 

Designat ion of Douglas p ropu l s ion  
system performance computer program 

Designat ion of Douglas observed 
t r a j e c t o r y  from guidance r e f e r e n c e  
release t o  o r b i t a l  i n s e r t i o n  

Aux i l i a ry  a t t i t u d e  c o n t r o l  system 

Designat ion of Douglas S-IB t r a j e c t o r y  
s imu 1 a t  i o n  computer p ro  gram 

Designat ion of Douglas Sa tu rn  S-IVB 
r a d a r  look ang le  computer program 

A l t e r n a t i n g  c u r r e n t  

Designat ion of Douglas S-IVB t r a j e c t o r y  
s imula t ion  computer program 

Apollo guidance computer 

Ampere 

A i r  Force Eas t e rn  Test Range on 
Antigua I s l a n d  

Aux i l i a ry  p ropu l s ion  system 

Apollo S a t u r n  

A i r  Force Eas t e rn  T e s t  Range on 
Ascension I s l a n d  

The t i m e  average of t h e  p r o p e l l a n t  
mixture  r a t i o  over l-sec t i m e  i n t e r v a l s  
between 90 p e r c e n t  t h r u s t  bui ldup and 
Engine Cutoff Command 

.Determined between t h e  t i m e  of 
90 p e r c e n t  t h r u s t  and Engine Cutoff 
Command 

Bermuda 

Center  of g r a v i t y  

C e n t r a l  In s t rumen ta t ion  F a c i l i t y  

Coarse mass r a t i o  

The t o t a l  energy of the o s c i l l a t o r y  
phenomenon, c o n s i s t i n g  of a l l  
f r equenc ie s  and ampli tudes sensed by 
the t r ansduce r s ,  and r e p r e s e n t s  the 
phenomenon a t  the p o i n t  of measurement 
w i t h i n  t h e  l imitsations of t h e  d a t a  
a c q u i s i t i o n  and r e d u c t i o n  systems 

Degree Cent igrade 
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TABLE 10-1 (Sheet 2 of 9)  
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

con t  

CPS 
CPIF 

CRO 

DAC 

DAC /FTC 

DAC /HB 

DAC /MSFC 

DAC/STC 

db 

DCS 

deg 

dC 
-- 

DDAS 

DOD 

DP S 

DRSCR 

EBW 

ECC 

ECS 

EDS 

-- 

EMR 

eng 

-- 
-- 
-- 
-- 

Deple t ion  Engine 
Cutoff  Command 

-- 
E f f e c t i v e  bu rn t  i m e  

Engine Prop e l  lant  
mixture  r a t i o  

-- 

DEFINITION 

Con t r o  1 

Cycles p e r  second 

Cost p l u s  i n c e n t i v e  f e e  

Carnarvon 

Douglas A i r c r a f t  Company 

Douglas A i r c r a f t  Company , 
F l o r i d a  Test Center 

Douglas A i r c r a f t  Company, 
Huntington Beach 

Douglas A i r c r a f t  Company, 
Marsha l l  Space F l i g h t  Center 

Douglas A i r c r a f t  Company, 
Sacramento T e s t  Center  

Decibe l  

D i g i t a l  command system 

Degree 

Dire c t c u r r e n t  

The t i m e  t h a t  engine  c u t o f f  w a s ,  o r  
would be ,  i n i t i a t e d  by t h e  d e p l e t i o n  
level  senso r s  

D i g i t a l  d a t a  a c q u i s i t i o n  system 

Department of Defense 

Descent p ropu l s ion  system 

D i g i t a l  range s a f e t y  command receiver 

Exp 1 o d i n  g b r i d gew i re 

Engine Cutoff Command 

Environmental  c o n t r o l  system 

Emregency d e t e c t i o n  system 

The engine  burnt ime from 90 p e r c e n t  
t h r u s t  bu i ldup  t o  Engine Cutoff  Command 

The r a t i o  of engine  LOX mass f l o w r a t e  
t o  LH2 mass f lowra te .  Inc ludes  gas 
gene ra to r  o p e r a t i o n s  

Engine 
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TABLE AP. 10-1 (Sheet 3 of 9) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

f 

-- 

-- 

ESC 
-- 

-_ 

ETD 

OF 

F823, 

-- 

FD&C 

FEWG 

m 
FPR 

f t  

FTC 

g 

TERM 

Engine c u t o f f  
( a p p l i c a b l e  f o r  
o r i g i n a l  i s s u e  of 
f l i g h t  test  p l a n s  

- 

only)  

Engine c u t o f f  
trans i en  t 

-- 
Engine s t a r t  t r a n s i e n t  

Engine s t e a d y - s t a t e  
o p e r a t i o n  

Flow i n t e g r a l  propel-  
l a n t  mass h i s t o r y  

-- 
-- 
-- 

F l i g h t  performance 
reserve 

-- 
-- 

G r a v i t a t i o n a l  
a c c e l e r a t i o n  

DEFINITION 

The guidance c u t o f f  t i m e  r e f e r r e d  t o  
i n  t h i s  i s s u e  of t h e  test  p l a n  i s  
intended t o  be a r e p r e s e n t a t i v e  event  
t i m e  and should n o t  be construed as 
t h e  Douglas p r e d i c t e d  guidance c u t o f f  
t i m e .  The Douglas p r e d i c t e d  guidance 
c u t o f f  t i m e  i s  undetermined a t  t h i s  
d a t e  due t o  l ack  of t r a j e c t o r y  
i n f o  rma t i on 

Engine o p e r a t i o n  du r ing  t h e  p e r i o d  
from t h e  Engine Cutoff Command u n t i l  
t h e  end of t h r u s t  decay 

Engine S t a r t  Command 

Engine o p e r a t i o n  du r ing  t h e  p e r i o d  from 
t h e  Engine S t a r t  Command u n t i l  t h e  t i m e  
of 90 p e r c e n t  t h r u s t  (approximately a 
3-sec pe r iod )  

Engine o p e r a t i o n  du r ing  t h e  p e r i o d  
from t h e  t i m e  of 90 p e r c e n t  t h r u s t  
u n t i l  Engine Cutoff Command 

End of t h r u s t  decay 

Degree f a h r e n h e i t  

Designat ion of Douglas p ropu l s ion  
system performance computer program 

That p r o p e l l a n t  mass h i s t o r y  determined 
by combining independent engine ana lyses  
by a s t a t i s t i ca l  method 

F l i g h t  Dynamics and Control  

F l i g h t  Eva lua t ion  Working Group 

Frequency modulation 

Usable mass onboard a t  p r e d i c t e d  
guidance c u t o f f  

Foot 

F l o r i d a  Test Center 

The a c c e l e r a t i o n  produced by t h e  f o r c e  
of g r a v i t y ,  which varies w i t h  t h e  a l t i -  
tude and e l e v a t i o n  df t h e  p o i n t  of . 
obse rva t ion .  The va lue  32.1739 f t / s e c 2  
has  been chosen as t h e  s t anda rd  by 
i n t e r n a t i o n a l  agreement f o r  sea level 
a t  45" n o r t h  l a t i t u d e  

16  December 1967 

AP 10-3 



TABLE AP 10-1 (Sheet  4 of 9 )  
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

GCC 

GG 

GH2 

GHe 

GN 2 

GOX 

gpm 
GRR 

GSE 

GSFC 

GYM 

G105 

h 

HAW 

HB 

H e  

HOSC 

h r  

IAS 

I E C O  

I G M  

i n .  

IP&CL 

I 

I U  
SP 

k c  

km 

KS C 

l b  f 

TERM 
__I 

DEFINITION 

Guidance Cutoff Command 

Gas gene ra to r  

Gaseous hydrogen 

Gaseous helium 

Gaseous n i t r o g e n  

Gaseous oxygen 

Gal lons p e r  minute 

Guidance r e f e r e n c e  release 

Ground suppor t  equipment 

Goddard Space F l i g h t  Center ,  
Greenbel t ,  Maryland 

Gu ayma s 

Des igna t ion  of Douglas engine 
performance program us ing  flowmeter 
recons t r u c  t i o n  

A l t i t u d e  

H a w a i i  

Huntington Beach, C a l i f o r n i a  

Helium 

H u n t s v i l l e  Operat ions Support  Center  

Hour 

I n i t i a t i o n  of au tomat ic  sequence 

S - I B  s t a g e  Inboard Engine Cutoff  
Command 

I te ra t ive  guidance mode 

Inch 

Ins t rumen ta t ion  Program and Components 
L i s t  

S p e c i f i c  impulse 

I n s  t-rumen t Unit  

K i locyc le s  

K i  1 ome ter  

Kennedy Space Center  

Pounds f o r c e  
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ABBREVIATION 

? 

lbm 

L/C 

LH2 

LM 

LOX 

LV 

M c  

LVDC 

Mod 

MCC-H 

m 

min 

M/S 

MS C 

MSF 

MS FC 

MSFC/DAC 

MS S 

MS SD 

N /A 

NASA 

NC 
-- 

n.mi. 

NO 

No. 

NP SH 

OECO 

TABLE AP.10-1 
GLOSSARY AND 

(Sheet  5 of 9) 
ABBREVI'ATIONS 

-- 
Ninety  p e r c e n t  t h r u s t  
bu i ldup  

DEFINITION 

1/32.1739 s l u g  

Loading computer 

L iqu id  hydrogen 

Lunar Module 

L iqu id  oxygen 

Launch v e h i c l e  

Megacycles 

Launch Veh ic l e  D i g i t a l  Computer 

Module 

Miss ion  Con t ro l  Center-Houston 

Mach number 

Minute 

Mains t age 

Manned S p a c e c r a f t  Cen te r ,  
Houston, Texas 

Manned space  f l i g h t  

Marsha l l  Space F l i g h t  Cen te r  

Marsha l l  Space F l i g h t  C e n t e r /  
Douglas A i r c r a f t  Company 

Mobile service s t r u c t u r e  

Missile and Space Systems D i v i s i o n  

Not app 1 i c ab 1 e 

N a t i o n a l  Aeronau t i c s  and 
Space A d m i n i s t r a t i o n  

Normally c l o s e d  

T ime  from Engine S t a r t  Command u n t i l  
t h e  las t  eng ine  chamber p r e s s u r e  
( i n j e c t o r  end) r eaches  618 p s i a  

N a u t i c a l  m i l e  

Normally open 

Number 

N e t  p o s i t i v e  s u c t i o n  head 

S-IB o r  S-IC s t a g e  Outboard Engine 
Cutof f  Command , 

16 December 1967 
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TABLE AP 10-1 (Sheet 6 of 9) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 
~~ 

OVRD 

PAM 

PA4 9 

PCM 

PD 

Pf 
PMR 

p s i a  

p s i d  

P s i g  
PTCS 

PU 
-- 

4 
O R  

RACS 

RF 

r m s  

Payload 

TERM - 

-- 
-- 
-- 

Programed  mixture  
r a t i o  

P rop e 1 1 a n t  re s i dua l  s 

-- 
PU system p r o p e l l a n t  
mass h i s t o r y  

PU system r e s i d u a l s  

DEFINITION 

Overr ide 

Pu l se  ampli tude modulation 

A l l  p o r t i o n s  of t h e  v e h i c l e  above t h e  

Des igna t ion  of  Doug 1 as p r opu 1 s i o n  
system performance computer program 

P u l s e  code modulation 

P r o p e l l a n t  d i s p e r s i o n  

Cap a c i t a n  ce 

A method of c o n t r o l l i n g  t h e  PU valve 
mixture  r a t i o  t o  o b t a i n  maximum 
e f f i c i e n c y  of t h e  s t age .  The propel-  
l a n t  loading  i s  provided t o  cause  t h e  
PU system t o  command t h e  PU valve 
a g a i n s t  t h e  LOX r i c h  s top  f o r  t h e  
i n i t i a l  p o r t i o n  of  f l i g h t  and then  
decrease  t o  a lower mixture  r a t i o  
dur ing  t h e  f i n a l  p o r t i o n  of f l i g h t  

The sum of LOX and LH2 remaining on- 
board a t  Engine Cutoff Command. The 
r e s i d u a l s  i nc lude  both  usab le  and 
t rapped  p rope 1 l a n  t s 

Pounds p e r  square  inch  a b s o l u t e  

Pounds p e r  square  inch  d i f f e r e n t i a l  

Pounds p e r  square  inch  gauge 

P r o p e l l a n t  tanking  computer system 

P r o p e l l a n t  u t i l i z a t i o n  

That p r o p e l l a n t  mass h i s t o r y  determined 
f o r  f l i g h t  by t h e  PU system 

Those p r o p e l l a n t  r e s i d u a l s  above t h e  
main p r o p e l l a n t  va lves  determined by 
t h e  PU system 

Dynamic p r e s  s u r e  

S - I V B  / I U  

Degree rankine  

Remote au tomat ic  c a l i b r a t i o n  system 

Radio frequency 

Root mean square  

1 6  December 1967 

AP 10-6 



TABLE AP.10-1 (Sheet 7 of 9) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

RMR 

rPm 
S 

SA 

sc 

s co 

sec 

S-IB 

S-IVB 

SLA 

SLG 

SLF 
, 

sov 
SSB/FM 

SSB 

sss 
STC 

t 

T 

T1 

T2 

T3 

T4 

TERM 
P 

-- 

S p a c e c r a f t  

-- 
Sa tu rn  I B  

-- 

DE F I N  I T  I O N  

Reference mixture  r a t i o  

Revolut ions p e r  minute 

Surface range ( f t )  

System addres s  ( d i g i t a l  up-data 
sys  t e m )  

Includes Apollo command and service 
module and LM adap te r  

Sub-carr ier  o s c i l l a t o r  

Second 

F i r s t  s t a g e  of t h e  Sa tu rn  I B  (200) 
series of v e h i c l e s  

Second s t a g e  of t h e  S a t u r n  I B  (200) 
series of v e h i c l e s  and t h i r d  s t a g e  of 
t h e  Sa tu rn  V (500) series of v e h i c l e s  

Spacec ra f t  LM adap te r  

Slug 

Slug f e e t  squared 

Engine system u n i t  of mass 

Shutoff valve 

S i n g l e  sideband modulation 

S i n g l e  sideband 

Stage switch s e l e c t o r  

Sacramento T e s t  Center 

T i m e  

Countdown t i m e  from p r o s p e c t i v e  l i f t -  
o f f  o r  as s p e c i f i c a l l y  de f ined  i n  t h e  
t e x t  

T i m e  base  No. 1: I n i t i a t e d  a t  l i f t o f f  
by u m b i l i c a l  disconnect  

T i m e  base  No. 2: I n i t i a t e d  by S-IB 
low level s e n s o r  dry s i g n a l  

T i m e  Base No. 3: I n i t i a t e d  by t h e  
S-IB outboard engines c u t o f f  

T i m e  base  No. 4 :  I n i t i a t e d  a t  S-IVB 
engine c u t o f f  

1 6  December 1967 

AP 10-7 



TABLE AE.10-1 (Sheet 8 of 9) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

TAN 

TBD 

T /M 
TWX 

-- 

TERM 
__I_ 

-- 
-- 
-- 
-- 

T o t a l  d e p l e t i o n  
b u r n t  i m e  

T o t a l  p r o p e l l a n t s  
consumed 

T o t a l  s t a g e  bumt ime  

T o t a l  s t a g e  mass 
h i  s t o r y  

TP&E 

Unus ab l e  prop e 1 l a n  t s 

V 

Usable r e s i . dua l s  

-- 

DEFINITION 

Tananarive , Malagasy 

To be determined 

Telemetry 

Te le type  

The engine burntime from Engine S t a r t  
Command t o  t h e  t i m e  t h a t  t h e  d e p l e t i o n  
Engirie Cutoff Command would have been 
i n i  t i a t  ed 

That amount of l i q u i d  p r o p e l l a n t s  
consumed from Engine S t a r t  Command t o  
Engine Cutoff Command. Inc ludes  
engine consumption, b o i l o f f ,  and LH2 
tank p r e s s u r a n t  

The engine burntime from Engine S t a r t  
Command t o  Engine Cutoff Command 

A compilat ion of a l l  f i n a l  hardware, 
p r o p e l l a n t ,  and gas masses. The 
measured and computed mass of each 
c o n s t i t u e n t  i s  a d j u s t e d  w i t h i n  i t s  
accuracy band so t h a t  t h e  t o t a l  s t a g e  
m a s s  a t  Engine S t a r t  Command and Engine 
Cutoff Command ag rees  wi th  t h e  t o t a l  
s t a g e  mass as determined by t h e  
S t a t i s t i c a l  Weighted Average mass 
de te rmina t ion  method 

Test Planning and Evaluat ion 

Those p r o p e l l a n t s  remaining a f t e r  a 
p r o p e l l a n t  d e p l e t i o n  c u t o f f .  This  
i n c l u d e s  t h e  p r o p e l l a n t s  i n  t h e  t ank  
below t h e  d e p l e t i o n  senso r ,  p r o p e l l a n t s  
i n  t h e  f eed  d u c t ,  and t rapped propel-  
l a n t s .  It does n o t  i nc lude  senso r  l a g  
t i m e  o r  t h e  p r o p e l l a n t  consumed during 
engine c u t o f f  b u t  does inc lude  senso r  
t i m e  de l ay  

P r o p e l l a n t s  i n  excess  of t rapped 
p r o p e l l a n t s  l e f t  onboard a s t a g e  a f t e r  
powered f l i g h t  has been terminated by 
some s p e c i f i e d  c u t o f f  c r i t e r i a  

Vo l t  

Earth-f ixed v e l o c i t y  

1 6  December 1967 
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GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

VAB 

vco 

vac 

VCL 

vdc 

VSWR 

WSll  

01 

P 

TERM DEFINITION 

I n e r t i a l  v e l o c i t y  

Vehicle Assembly Bu i ld ing ,  
KSC, F l o r i d a  

Voltage c o n t r o l l e d  o s c i l l a t o r  

Voltage,  a l t e r n a t i n g  c u r r e n t  

Vertical checkout l a b o r a t o r y  

Voltage,  d i r e c t  c u r r e n t  

Voltage s t and ing  wave r a t i o  

Designat ion of Douglas mass charac- 
t e r i s t ics  computer program 

Angle of Attack 

T o t a l  Angle of Attack 

Axial a c c e l e r a t i o n  

Yaw a t t i t u d e  command 

P i t c h  a t t i t u d e  command 

E a r t h  f i x e d  f l i g h t  p a t h  e l e v a t i o n  ang le  

I n e r t i a l  f l i g h t  p a t h  e l e v a t i o n  ang le  

I n e r t i a l  f l i g h t  p a t h  azimuth ang le  

Longitude 

Geodetic l a t i t u d e  

Cros s-Range P os i t  i o n  

Cross-Range Ve loc i ty  

P i t c h  a t t i t u d e  e r r o r  

Yaw a t t i t u d e  e r r o r  

Guidance mode 

P i t c h  E u l e r  ang le  

Yaw E u l e r  angle  

Rol l ,  E u l e r  ang le  

16 December 1967 
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The fo l lowing  l i s t e d  documents are re fe renced  i n  t h e  text: 
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Engineer ing Sec t ion ) ,  Huntington Beach, C a l i f o r n i a ,  da ted  

December, 1966. 

(9) S-IW-204 Stage Flight Test Pkn,  SM-46977B, Huntington Beach, 

C a l i f o r n i a ,  da t ed  December 16, 1967. 

(10) S-IVB-204 Stage Flight Evaluation Report, SM-46989 Huntington 

Beach, C a l i f o r n i a .  (Date o f . p u b l i c a t i o n  t o  be determined.)  
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(11) Contract End Item Detail Speci f icat ion (Prime Equipment) 
Performance Design Requirements, CEI No e CP208004A, S- IVB Stwe 
for use with the  Saturn Vehicle SA-204, Huntington Beach, 

C a l i f o r n i a ,  da ted  November 28, 1966. 

(12) Speci f icat ion for t he  Calculation of Payload Capability 
under the CPIF Exhibit  t o  NAS7-102, Douglas Report No. SM-47263, 

da t ed  January  12, 1966. 

(13) Definit ion of Saturn SA-204 Flight Sequence Program, I n t e r f a c e  

Con t ro l  document No. 40M33604D (prepared  by Airborne Elec t r ica l  

Sys t e m s  Branch, A s t r i o n i c s  Laboratory)  Marshal l  Space F l i g h t  

Center ,  H u n t s v i l l e ,  Alabama, da t ed  J u l y  18, 1967; and I n t e r f a c e  

Revis ion  n o t i c e s  R-19 through R-22, da ted  September 11, 1967. 

(14) AS-204 Final Predicted Mass Characteristics, Guidance Cutoff ,  
(Memorandum), R-P&VE-VAW-67-108, Marshal l  Space F l i g h t  Center ,  

H u n t s v i l l e ,  Alabama, da ted  August 1, 1967. 

(15) Project Apollo Coordinate Standards, Standard  Coordinate  

System 9 ,  Mass P r o p e r t i e s  SE 008-001-1, (prepared  by O f f i c e  

of Manned Space F l i g h t ) ,  Washington, D.C. ,  da ted  June ,  1965. 

(16) AS-204/LM-l Launch Vehicle Operational Fl ight  Trajectory 
(Revis ion l) ,  C h r i s t l e r  Corpora t ion  No. TN-AP-67-255 ( p a r t  IV), 
da ted  J u l y  25, 1967. 
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